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PREFACE 

Computers have been entering American schools at a phenomenal 
rate: the number of microcomputers in elementary and secondary 
schools increased from fewer than 3G,000 in 1981 to more than 
630 r 000 three years later . This rapid growth led the National 
Commission for Employment Policy to ask how computers are being 
used in schools r how effective this use is , and what their future 
use is likely to be. 

Some of the findings in this report indicate that computers 
can be effective tools for educating children. To date, however , 
their potential is largely unrealized. Schools generally have 
not met three conditions which must exist for computers to be 
successfully integrated into schools: good advance planning for 
computer use, adequate staff training, and high quality software. 

Still, there are signs that the situation is changing. Many 
school districts and States are now planning how to use computers 
effectively and developing training for teachers who will admin- 
ister their use. There are also indications that the overall 
quality of available software is improving. 

The Commission's goal in issuing this report is to encourage 
education policymakers at all levels — including the classroom 
teacher — to continue to move in the direction of effectively 
integrating computers into schools. By presenting whet is known 
about how this equipment is used in schools and the effectiveness 
of computers in specific educational contexts, and by transmit- 
ting strategies to improve computer use, the Commission is 
hopeful that its goal will be met. 

This st .y is one of several dealing with the effects of 
computer-based equipment on the job market. Other Commission 
Research Reports on this topic concern how computers affect the 
number and types of jobs that will exist over the next ten years, 
and the extent to which youth and adults will have the necessary 
education and training that must accompany the successful 
introduction of computers into the workplace. 

This series of reports was designed by Carol Jusenius Romero, 
Sara B. Toye, and Stephen E. Baldwin of the Commission staff, who 
are also supervising all aspects of the project. This team 
worked closely with TURNKEY in organizing and presenting tY 
informat contained in this report. It should be emphasized, 
however, Lhdt the factual information discussed as well as the 
issues raised do not necessarily reflect the views of either the 
Commission or the Commission staff. 



The Commission expresses its 
work and for their good-natured 
raised by the Commission staff. 



appreciation to TURNKEY for this 
and careful responses to points 
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EXECUTIVE SUMMARY 



In the p«st ten years, computer use in schools has changed dramatically. 

fh. ri'LJ 0 S r ° lS USe cofflputers onl y t0 Process administrative data. Since 
the advent of the microcomputer, students at all levels have begun to use 
computers both as an object of instruction and as a learning tool. This influx 
of computers has had, and will continue to have, major impact on many aspects 
of school operation, including the uses to which computers are put, student 
performance and attitudes, teacher attitudes, and post-secondary education. 

It should be emphasized that no responsible researcher or practitioner has 
implied that computers will solve our country's educational problems, will 
replace good teachers, or are, in any way, an educational panacea. Computers 
are to education what they are to other disciplines — extremely useful tools 
for both the management and delivery of services. 

A. COMPUTER USE IN EDUCATION 

The personal computer is so new that a major 1976 study of computer 
activities in schools did not mention the word "microcomputer". By June 1984 
approximately 630,000 microcomputers were in the public schools. Moreover, 98 
percent of school districts with enrollments of 600 or more had at least one 
microcomputer. 



eateg 



Existing use of computers in schools can be classified into the following 
ories: ■ 

• Computer-Assisted Instruction (CAI), where the student interacts 
directly with the computer. The various modes of CAI include drill-and 
practice, tutorials, simulations, and problem solving. 

• Computer-Managed Instruction (CMI), where the computer serves as a 
support tool for the teacher and principal. 

• Education Administrative Applications, including attendance, 
scheduling, test scoring, data analysis and reporting, and the 
development and updating of individualized education plans (IEPs). 

• Tool Applications/Instruction, including word processing, spread 
sheets, graphing, data base managers, etc. 

• Object of Instruction, including orientation and programming. 

Computers, in general, have been used for relatively short periods of time 
during the school week. As elementary schools obtain more microcomputers, more 
students are given access to them. In secondary schools, on the other hand, an 
increase in the number of microcomputers finds more intensive use by 
approximately the same number of students. The typical microcomputer is used 
in elementary schools for an average of 11 hours per week and in secondary 
schools for an average of 13 hours per week. About one-quarter of the 
elementary schools and one-fifth of the secondary schools uic their 
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microcomputers for less than one hour per day. Less than one-quarter of the 
computer-using element.ry students use their microcompu^ 
minutes per week. Even at the secondary leveX. nearlv 40 Lr^nt nT til 
computer-using students get no more than cL^aTf' hoT V weeHf "UputSr 

most T.lllir 8e "! ral i ^ roductions to computers, programming has been the 
dTill and lT er h iCtl K lty in " condar *y s °hools. I" elementary schools, 
Si^^;.'° ti0 * h " thC DOSt ° ften e °P loyad -PPlication o.' 

nuhn? J? 6 , UtC 19703 " nd Mrly 1980s » the ll itial ^e of microcomputers in 
llt U iJ\ ? M W3S e5 " ntiall y • "Sr.ss roots" movement led by school staff -- 
has in iL^nt nM ""I Mt J , tea ° herS *» were buffs. This movement 

access ^S*?"" 1 by parents *• want t**r child ^ to have 

!of ? to computers in school. Throughout the 1980s, educational use of 

advert b f! n si « nlf4Cantly ********* by vigorous promotion through 

cost of hlrd-JS. f J^rnals and conferences and by the rapid decline in 
hardware in relationship to computing power. During the last two 

mwo 3 * , eduea t i J on a B enci « h»ve increasingly encouraged the use of 
microcomputers in public schools. 

Regional differences in computer use appear to be less pronounced than 

11 IZSIV T" 5 State5, Indeed » sucn regional patterns are not as noteworthy 
as they were four years ago when the north central states had the highest ratio 
of microcomputers to students. State-level policies have influenced the use of 

llZltT P ra a V he 10081 Jevel » "Penally in states where the state 
~ \f genCy h8S 8 tPadi tionally centralized role in areas such as 

certification, state-wide purchasing, textbook adoption, and state-wide 
telecommunications. 

Jn the last four years the computer gap between poor and wealthy school 

«r VnH!T S ^°.l! aVe decrea5ed - It is not clear, moreover, to what extent 
— or, indeed, whether — there are current differences between wealthier and 
poorer districts with regard to the presence of computers. While some research 
indicates that wealthier districts are much more likely to have microcomputers 
than poorer districts, other studies suggest that disadvantaged students in 
schools which receive money under Federal programs had more access to 
microcomputers than did students in schools not receiving Federal aid. 

The equity/ access issue is evolutionary; some believe it is in a 

iuri n «VVh 0n /i ,a V«*i 0day Snd Myf ° ver tiae ' re5olve itself ' Paradoxically, 
-tiring the late 1960s computers were looked upon as a means to provide quality 

education opportunities for all students. Now, because of the availability c< 

computers in wealthy schools and in homes of middle- and upper-income famili^ 

the limited availability of technology has become an issue itself. 

Some of the best documented differences, in the use of cotouters in 
education are those between urban and rural districts. Many rural V.^tricts 
can not support quality progams in some areas because of the lack of 
specialized teachers, high teacher turnover rates, and great di«i*,?nc>s between 
schools. Computers, in combination with telecommunications techd-< ^ies, have 
proven to be extremely valuable in addressing these rural needs. Urban school 
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Ill* r f technology-related issues which are vastly different from 

those of rural schools. Instructional use of computers in urban schools 

r iB8rily ( ° n the e«put«r as the object of instruction. Horeover 
£ Eft JTT Cra " C lnf>astrucfcu ^ in urban school districts have often IZi 
it difficult for them to implement new microcomputer functions. 

othpr Th B C t ;" of computers has been greater in special education than in the 
t"" 1 " educational markets (e.g., bilingual education, vocational 
education). As many as 150,000 microcomputers are being used in scecial 
education and gif ted-and-talented programs for a combination of ^ instructional 

incrfa^e ir^hrin"^' 10 ^- 1 Sew ' 1 faCt0rfl haVe co "tributed to the rapid 
social education: inStrUCtional and administrative use of microcomputers in 

1. passage of the Education for All Handicapped Children Act; 

2. increased attention from private courseware developers, electronic 
publishers and equipment vendors; 

3. potential economies resulting from the high costs of providing 
services to handicapped students; 

h. heightened pressure from parents who are becoming more aware of the 
availability of adaptive devices for handicapped students; and 

5. significant emphasis from the U. S. Department of Education. 

Approximately 80,000 microcomputers were being used for vocational 
education in public schools and in vocational tech centers during the 1983-84 
school year — only about ten percent of total education use. In terms of 
vocational groups, microcomputers were used most intensively in business 
education, industrial/technical education, and agricultural education. Most 
experts believe computer use in vocational education will continue to be lower 
than in education generally. 

Relatively little is known about the current use of computers in bilingual 
programs or education programs for students with limited English proficiency 
tLtP). Introductory computer courses for LEP students are, for the most part, 
provided at the junior high and senior high levels. While some schools teach 
computer programming, most downplay the need for computer programming and focus 
upon orientation, awareness, and application. Most introductory computer 
courses and CAI applications occur in the areas of math and science. 

It is projected that the number of microcomputers in public schools will 
grow to nearly three million by 1990 and that, by the end of the decade, anr-jal 
school software sales will surpass annual hardware sales to schools. 

Future computer use in schools depends on the degree to which school 
decision makers take the necessary initiatives to use technological advances 
effectively. Virtually all experts agree that the initiatives with the 
greatest potential impact are: 
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• Active Planning — For technology to be used effectively in schools, 
its implementation must be systematically planned. 

• Comprehensive Staff Training — Training of teachers and administrators 
must cover the broad spectrum of technology issues and must focus on 
individualized Instruction. 

• Centralized Control — The convergence of telecommunications and 
computers suggests that the full benefits of technology can best be 
realized through more centralized control of computer operations. 

• Institutional Reform — Other Institutional changes, including 
incentives for staff productivity, flexible scheduling, and revised 
staff certification will greatly enhance the probability of effective 
computer use in schools. 

B. PERFORMANCE EFFECTS 

The effects of computers on student performance and attitudes are 
surrounded by a number of complex issues relating to teachers' attitudes toward 
technology, the quality of educational software, and the implementation 
variables associated with adopting CA1 and CM1 in schools. In addition, the 
growing educational use of home computers appears to be having an impact upon 
computer use in schools. 

Although the availability of hardware is rapidly Increasing, student 
contact time is increasing at a slower pace. The typical elementary school 
student spends only about 20 minutes per week on a computer; the typical 
secondary student spends about 45 minutes per week on a computer. One reason 
for this apparent lack of use is that only a small percentage of the teachers 
in microcomputer-using schools are using the hardware. In most schools, only 
one or two teachers are regular users of computers. It is generally agreed 
that more time vteeds to be spent on any learning task to produce a positive 
effect on skills or knowledge mastered. Thus, the amount of time a student 
spends on CA1 may have a considerable effect or, the benefits received. Some 
experts believe that using the computer for 26 minutes per week is so brief as 
to make little difference in learning outcomes. 

Within local school districts, there are noticeable differences in 
computer use by grade level. Sixty-four percent of the elementary schools use 
computers to teach computer literacy or computer science compared with 85 
percent of the secondary schools. On the other hand, the use of 
drill-and-practice at the elementary level exceeds its use at the secondary 
level — 59 percent to 31 percent. 

In general, elementary schools use computers most frequently in math, 
followed by language arts, reading, computer programming, social studies, 
science, and art. Math use has ranked highest over the last three years, but 
use in reading and language arts has increased. Secondary schools use their 
computers most frequently in computer science, followed by math, business 
subjects, and general science. 



A movement which is paralleling efforts of schools to use computers to 
enhance instruction is the use of home computers oy parents to improve the 
education of their children. Educational use of the computer in the houe is 
rapidly approaching the more common entertainment uses. Home computers could 
increase the achievement gap between middle and lower income groups. If the 
growth in home computers continues, it is likely that parental pressure for 
cooperation between school and home computer-based instruction will continue to 
increase. 

There is substantial evidence that computer-based education can have 
important positive impacts on both the performance and attitudes of specific 
types of students under certain conditions. 

When compared to traditional instructional approaches, computer-based 
Instruction has been found to reduce substantially the amount of tine needed 
for the average student to master similar objectives. Findings from 
investigations at both the elementary and secondary levels reach similar 
conclusions. Younger students appear to complete material faster on computers 
than off — occasionally as much as 40 percent faster. Secondary students 
showed savings in time for student learning of as much as 88 percent. 

Positive effects of computer-assisted instruction (CAI) have been found in 
such pervasive areas as student achievement, attitudes, and social relations. 

• CAI provides students with individualized instruction which they often 
fail to receive in a large classroom setting. 

• The subject areas where CAI is most effective are: science and foreign 
language, mathematics, and reading/ language arts. 

• CAI appears effective when aimed at specific student body groups (e.g., 
high- or low-achieving students); however, lower achieving students 
require a longer period of time with CAI than do average or 
above-average students. 

• When CAI is fully integrated into the curriculum, it is sore effective. 

• Positive effects increase when the proper setting and scheduling are 
established (i.e., flexible scheduling, effective teacher training, 
principal support, individualized pacing). 

• Student attitudes toward CAI and familiarity with it have a substantial 
effect on CAI's usefulness. 

In general, it appears that well- implemented CAI programs consistently 
produce statistically significant achievement gains when compared with control 
groups and/cr previous learning rates of students. 

Computer-managed instruction (CMI) has also shown many positive effects. 
Indeed, many CAI applications are supplemented by such CMI applications as 
student program monitoring. A form of individualized instruction, CMi (when 
us-'d directly with students) allows learners to pace themselves, work 
independently, and make their own choices. Because children in the elementary 
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grade* may not hive developed the skills and motivation for these requirements, 
computer-managed instruction has had the greatest impact at the higher grade 

£V C i 3 « 

Teachers* attitudes toward computer-based instruction and management have 
implications not only for how computer-based instruction will affect students 
but also how teachers could influence the design and development of programs by 
the software publishing industry. 

Teachers* attitudes toward the use of computers with low-achievJng 
students are t/oically positive when implementation efforts occur in an 
organized manner. Although some school staff can initially be intimidated "by 
the presence of new computer equipment in classrooms, their attitudes often 
become more positive with time. Teachers and administrators tend to view 
computers in a positive light when computer-based learning packages are 
integrated with regular curriculum materials. There is emerging evidence that 
educators' attitudes are moving in a positive direction and seem to be related 
to exposure and familiarity with computers. 

Current research findings clearly indicate that computer-based instruction 
can increase student achievement in certain areas when quality courseware is 
used and when the programs are planned and implemented in an effective manner 
by school staff. 

It can be anticipated that, in the next few years, the use of computers 
will have a number of important 'effects on the performance of students: 

1. In the last third of the decade, the relative effectiveness of 
computer-assisted instruction will increase dramatically in 
well-implemented instructional interventions with specific populations. 
As sophisticated courseware simulations, particularly at the secondary 
level, become available during the last third of the decade, students, 
parents, teachers, and administrators will realize the opportunities 
technology provides for performance-based measures of student mastery of 
concepts, critical thinking skills, etc. By the end of the decade, 
measures of student performance will become performance- or skill-based, 
using the computer to assess skill mastery. 

2. Positive student attitudes will deteriorate over the next few years as 
the novelty effect of the computer wears off. student attitudes toward 
compuler-assisted instruction in the long run will be a function of the 
quality and type of software that is available in schools. Indeed, 
attitudes toward school-based CAI among students, who have access at home 
to more varied and higher quality software, may deteriorate for at least 
two years, until higher quality software becomes accessible and affordable 
to schools. 

3. By the end of the decade the ratio of microcomputers to students will 
be as high as one computer for approximately 20 students. This ratio 
will, however, become less meaningful, as the computer itself will become 
relatively transparent in telecommunication and videodisc configurations 
and as students have greater computer access in other environments. 
Student time usage patterns will be considerably different from those 



currently observed in schools. The distinction between formal education 
and infernal learning will become blurred as students will increasingly 
have access to computers both during school hours and after school. 

^f y t . thC f" d ° f thC decade » the nature of the equity problem will be more 
qualitative (e.g., the types of courseware available to certain groups) than 
quantitative (e.g., numbers of students with access to computers). Although 
the numbers of students using computers will give the appearance of "equal 
access time", a more subtle form of Inequity may exist with computer technology 
■nd applications highlighting unequal treatment of students. Examples of such 
imbalances are: (a) limiting slower students to using only drill-and-practice 
J?r tw " ra , anJ not exposing them to mnre sophisticated learning activities: and 
, ;» i w P ro PO»*tion of cultural minorities and limited English proficient 
iLtr; children who use computers for learning activities. 

If effective implementation of computer-based education is to occur, the 
general perception of the teacher's role will have to change from that of a 
deliverer of instruction to one of a manager of the learning process. During 
the remainder of the decade, as a result of state or district policy, 
technology will be viewed as an element of staff productivity. It will be 
increasingly used to measure and evaluate staff performance as a basis for 
career ladder schemes (including merit or incentive pay) presently being 
planned or implemented in approximately 25 states. Concurrent with this role 
change will be increased staff differentiation with specialized roles for 
aides, "media planners", and new positions which will emerge. 

C COMPUTER LITERACY AND POST-SECONDARY EDUCATION 

Both the concept and definition of computer literacy h£ve changed 
dramatically during the last eight years and can be expected to continue to 
change over the next decade. Moreover, the concept of "computer" literacy will 
be replaced by "technology" literacy as the distinctions among computers, 
telecommunications, and other information technologies blur. The factors 
responsible for the changing nature of the concept include the following: 

• advances in hardware technology; 

• Improvements in software, which expand their range of applications and 
their ease of use; 

• maturation of school staff and students in the use of computers; 

• the osmotic effect of the increasing proliferation of microcomputers in 
business, homes, and society generally; and 

• policy initiatives undertaken by state education agencies in the area 
of accreditation and suggested/mandated competencies for students as 
grcduation prerequisites. 

In 1977 1 fewer than ten school districts had formal computer literacy 
courses with guidelines and objectives organized in a structured curriculum. 
In recent years, a number of states have begun to address the concept of 
computer literacy from a policy perspective and to influence local 



KraduatiL ° J l"*™' C0UrSeS thr ° USh Sidelines, standards, and 

comoutV- raer ' tS * Alth0 "S h sch00ls *™ being encouraged to standardize 

taf™ f 6 •■J a J 1 i >l r nt ° f Speciflc COffl P uter liter -y 3t.nd.rSJ 
accent Vh h T 7 l3ted technol °Sy *» static. Policy makers need to 
accept the changing nature of the technology and to develop practices 
consistent with adaptation to change. P P ra ctlces. 

in th* r e nH e . nt %° n l y ' fe " doZen univer sities are actively placing computers 
Because llTnl J T*' h ™**«* Bore " e *P^«S ««oh possibilities, 
thev are dSLJS? "* " ^ increasin ^y P^pared to use computers, 

h=!« r demanding more ready access to computers in college. Many colleges 

?nc% P ase S thV^mn ° f » lc ^ c ^ers on their campuses ?n order*" 

J!! computing power available to students and to increase 

communication among students and faculty. 

15 di ^ icul 1 t to assess th « number of college departments that now 
require computer-related skills for entrance. Some research indicates that 
computer-related entrance requirements do exist for some departments within 
*l T 5 ; '°r er ' ° VeraU adBiSSion r«quir«.nt. are far less likely to occur 

their i^i'i re ,T ife neitheP 8 knovle ** e of the "story of computers and 

u??J *f t ^Plications, nor an ability to write programs. This is congruent 
with the changing definition of computer literacy occurring in elementary am! 
secondary schools. Most institutions believe that incoming college students 
should have improved backgrounds in reading, writing, and mathematics skills. 

» 

In addressing the national concern about the quality of post-secondary 
education many educators and representatives from business and industry view 
the computer as basic to an understanding of the full range of procedures that 
may be applied to organizing information and solving problems in diverse 
lields. Future college students will profit from preparation that reflects the 
broad and changing application of computer technology, including: 

• a basic knowledge of how computers work and of common computer 
terminology; H 

• some ability to use the computer and appropriate software for: 

self-instruction; 

- collection and retrieval of information; 

- word processing (including the development of keyboard, composition, 
and editing); 

- modeling, simulations, and decision making; and 

- problem solving, both through the use of existing programs and 
through development of one's own programs; 

• an awareness of when and how computers may be used in the academic 
disciplines and various fields of work, as well as in daily life; and 

• some understanding of the problems and issues confronting individuals 

- and society generally — in the use of computers, including the 
social and economic effects of computers and the ethics involved in 
their use. 
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The number of computers for student use at institutions of higher 
educstion are likely to increase as rapidly as they are in elementary and 
secondary schools. The requirement that college students be able to use 
computers is unlikely to be reflected in admission policies; rather it will be 
mmifest in policies that encourage students to use aicrocompters in their 
studies. 

D. POLICY ISSUES 

As the growth of computer technology continues, Federal, state, and local 
officials will face a number of important policy issues. Among the strategies 
that might be useful in addressing these issues ares 

• encouraging effective use of computers in education through 
dissemination of information on effective use (including research 
findings ana exemplary practices) and targeting such use on specific 
student populations; 

• ensuring the availability of software by supporting software 
development and facilitating the aggregation of markets which, by 
virtue of their small size, cannot support such development on their 
own; 

• addressing the problem of equal access to computers by carefully 
studying any imbalances which exist and targeting initiatives on 
special needs population; 

• expanding staff development and training through a combination of 
extensive new training initiatives and enhanced existing programs; and 

• fostering enlightened debate on the meaning and importance of computer 
literacy. 
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I. INTRODUCTION 

In the pa.-t ten years, computer use in education has changed dramatically. 
No longer do schools use computers only to process administrative data. Since 
the advent of the microcomputer, students at all levels have begun to use 
computers both *s an object of instruction and as a learning tool. 

In 1981, there were fewer than 30,000 microcomputers in America's schools. 
By 1984, there were more than 600,000 and by the end of the 1981-85 school 
year, the number will go over one million. It is expected that, by the end of 
the decade, nearly three million microcomputers will be used in our nation's 
schools. 

This influx of computers has had, and will continue to have, a major 
impact on many aspects of school operation, including the uses to which 
computers are put, student performance and attitudes, teacher attitudes, and 
post-secondary education. This study has attempted to document these impacts 
and project future effects, through comprehensive review of existing research 
and through consultation with a panel of highly respected experts. Appendix A 
summarizes the project's methodology and lists the Expert Panel (whose opinions 
are frequently cited in this report). 

This project has not involved the conduct of new research. Rather, its 
goal has been to review and synthesize relevant research from a wide range of 
sources and to draw appropriate conclusions from it. Because of the rapid pace 
of technological change, research often becomes outdated before its findings 
can be published. As a consequence, much of the existing research is based on 
hardware not representative of current technology. Nearly all studies of 
educational computing more than four years old investigated programs using 
large, mainframe computers. While such research can provide some interesting 
data, it does not yield much detailed information on educational capabilities 
of today's smaller, more powerful, and more student-controlled microcomputers. 
Similar! y # current software provides a range of computing capabilities not 
readily available only a few years ago. Thus, it was found that different 
researchers often studied substantially different things. Some studies 
addressed onJy computer-assisted instruction (CAI), while others considered a 
broader spectrum of educational computer applications. The resolution of such 
nonuniformities and conflicts was achieved through the technical judgment of 
the project team, advice from the Expert Panel, and consultation with NCEP 
staff. 

The changing nature of the technology has made it difficult for 
researchers to conduct the kind of studies which would demonstrate 
relationships between school computer use and such factors as student 
performance, staff attitudes, cost savings, college admissions, and 
post-secondary employment. Indeed, some research suggests that positive 
results in computer-based educational programs are, in large part, attributable 
more to careful planning, staff training, and structuring of the curriculum 
than to the computer itself. Many of the conclusions drawn in this report are 
based ynon proxy measures and the reasoned judgment of the project team and the 
Expert Panel. 
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iL I * «Ph«»ix«l that no responsible researcher or practitioner has 

bil C S r !\! r are » i n «y «y. ^uc.tion.1 p.n.caa. Computers 
?«r 1,h ^ «h«t they are to other disciplines - extremely useful tools 
for both the management and delivery of services. 

in „„??! Pt * r J I , 0f thiS r9p0rt or, " nfca ■ <i«teiled discussion of computer use 
- ov fu;nt C it 0l V " d T r ' bM thC ch ^^eristics of classroom computer use 
«7n?Lf^K ' by ? ubject « °y t W of user, and by target population - and 
Sear chlV "tR 10 , MhlCh co »* ut «" in schools in the eo-Jng 

Xdrwai^ll 1 . X ? V^ 0 :"^* * ff * Cta of «<-P»tT. on students and teachers^ 
!„^!"J" B the contrasts between computer-assisted and computer-managed 

r«i?i i» * students' prospects for post-secondary education. The fifth and 
u f «s a of C ^eT ari2M ° f ^ P ° liCy iMUM WhiCh SU ™ — 
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COMPUTER USE IK EDUCATION 

_* he nuBb «'- of computers in America's schools has increased greatlv in 

rZrt "ZltT^r 11 ™ ™ lB th « yWS to This chapter of the 

Si toLif^t i0n .^ n ^ 1" ° f C0 «P ute " in elementary and secondary 
u °' Specifically, this chapter has two sections! the first describing 

current computer use in education and the second projecting future use? 

e«isM n V/i , . e !! nt ! d iH thiS ChapUr hiVe been K« th « red for, . wi de range of 

8 °Jin eai iT 1 ^"' do " na «* research. marketing? and 
Sn , r *V. WhUe have takcn « raat ca ™ to verify the accuracy and 
M1^1£JE\Z that, for a variety of reasons, definitive 

technoloai^ ™J u^'w toong these reaaons « r « <■> the rapid rate of 
researched 32. obtlVt?^^" 8 ," '5* CM " ike avcn th « » oat carefuUy 
of Un use if?.™? ! « r ° nly * ' eM nonth8J (b) aurve y data on computers 
11a «!. different definitions; and (c) because of decentralized ourchasina 

Tt tao! ^ « ntr ^ bUU ° M . ° f h,rdware and ~ f tw.re, school o?fici.ls P 0 7ten St 
not know how ex.. ting equipment is being used. 

A. CURRENT COMPUTER USE 

commit S ! Ct if n t l T ,ari2eS varioua i=P<>rtant elements of the current uses of 
l°^£ m , education. Specifically addressed are the extent and nature of 

ZTil] ° f COOputera » fact0ra influencing current computer use, aspects of 

decision making regarding computer use, and differences in computer use among 
different types of schools and school settings. 

1. GENERAL EDUCATION 

*? U5ed in tnla report, the term "general education" refers to all 
education programs operated by public schools; within this general category are 
co^nin? P r 08ra T/ 0r 3pCCial needs P°P«l»tions. It represents the largest 
Oology * "tivity and has, therefore, felt the greatest impact of 

a. Current Computer Use 

a*« J?? P ! rSOnal , COB P uter is »o new that a major 1976 survey of computer 
activities in schools did not mention the word "microcomputer". 1 By June 1984 
approximately 630,000 microcomputers were in the public schools. 2 Moreover, 98 
percent of school districts with enrollments of 600 or more had at least one 
microcomputer. 3 While these numbers are impressive, they tell us very little 
J.!!!! th * Bach . inea are u "d or how well they are used. Only by delving 
»nftL S < UbJeCt iS °" e able t0 develop a P icture of computer use. This 

of theSe W uses rC C0Cputera are used in tn€ wheels and the extent 

.„. CT ^? S I lng use ° f <50as P uters 10 schools can be classified into the following 
Categories! 

• Coroputer-Assisted Instruction (CAI), where the student interacts 
directly with the computer: The various modes of CAI include 
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provide enrl^..^ 7? f a) * u K>l«»nt regular instruction! (b) 

pr^ldiT parU^'to li'ouVri^la"™ con't^' S i Udent ° S ~ < C > 
in lieu of oonvention.! LSTtS'JS S:^," 1 iS 

SW^^t£"tt"Jf !,B V ? e, ; e the cooput " « ■ 

tbefoUortnt MaMlltu, principal: C MI systems can provide 

individual j students, manage the curriculum process for 

groups of stmt's ioTcFZ": r , eP ° rtS ° n '""'""l students or 
systems. H ° St MI currlo "l<- packages are augmented by CMI 

seh.d'uUng A t D . i s n t i sco:i t „ 1 e Ve / P , PliC n l0nS ' »«1«dlM attendance, 
develop ^^'J^^J^SS^LT&£S 
d , . qU ni:2r. b t y iv 1 ."".moi r ic.*t , : dle " ,Ped V"""' 8 - Whlle 

lnlStratlve WUcations on microconputers are single purpose. 

Tool Applications/Instruction, including word processing , n r M rt 
sheets, graphing, data base managers, etc. Pressing, spread 

?ocur D rLiri S , t v rUCti ° n: In nany introduc ^ry computer courses which 
rllui^I V y °" awareneas and orientation, a computer may not b 

0 ^* d / h ° WeVer ' in sit ^tions where such courses include computer 
programming, computers are often required for hands-on ex wienie and 

Presented below is a discussion of each category of educational computer use. 

was us^d 1 or *JEt.^lj£?? 1 ? ^ CiBllV aVailabla courseware 
H e, r iv L P "; \u assisted instruction in a drill-and-practice mode. 

o.'"mS:ti 0 "ns d . nQ 1 ;u , t n o ; P . 1 a :V" i W"*-* * «ve percent wereVonsH.^ 

<•„,,„ Co =P"'er-»anaged Instruction represerts only ten to 20 percent of current 

computer's "."i" ^" h00lS ; .. WhUe CHI . cost-effective use of 

"JJSTJ i , J Present time, its use lags CAI and introductory computer 

f ° r effectlve u "' neater vendor 

commercially .v.lllb£" 1 f 8er poten "" 1 narl<et ' »" d <°> the lack of 

commercially available comprehensive CMI packages. Since the beginning of 

1985. however, aeveral major publishers have announced new -textware- packages 
ERIC -13- 2t) 



which incorporate both management and instructional components into basal text 
scries • 

Administrative uses of microcomputers have only recently begun *o emer** 
as software becomes available and school data processing units accept 
microcomputers. Indeed, approximately 80 percent of existing administrative 
applications are of a single purpose nature.5 

Computer use in tool applications increased dramatically in 1984. The 
first state-wide purchase of software in the country was a secondary-level tool 
application package in West Virginia. A recent survey of deaf-blind 
institutions indicated that word processing packages were the most widely used 
software among the sample of schools. 0 

Perhaps the greatest current use of microcomputers in education is in 
classes where the computer itself is the object of instruction. At the 
elementary level, most teachers indicate that their purpose for having a 
computer in the classroom is to teach students how to use computers, as much as 
it is to use computers as an instructional tool. 

. Th< \ oost comprehensive study 7 of the extent of computer use in schools 
indicated that the machines, on average, were used for relatively short periods 
of time during the school week and per student. This study further indicated 
that, as elementary schools obtain snore microcomputers, more students are given 
access to them. In secondary* schools, on the other hand, an increase in the 
number of microcomputers finds more intensive use by approximately the same 
number of students. It should be emphasized that much of these data are at 
least two years old and may not reflect the changes wrought by the great influx 
of microcomputers into the schools since 1982. 

This survey of computer use during the 1982-83 school year found that at 
the elementary level, the average microcomputer is used by students or teachers 
for 11 hours per week and 13 hours per week at the secondary level (out of a 
school week which is typically 30 hours). Estimates of student use do not 
include use of the equipment to play games unrelated to classroom work. 
Exhibit II-l shows the intensity with which the typical microcomputer is used 
each day in elementary schools. As Exhibit II-l shows, about one-quarter of 
the elementary schools and one-fifth of the secondary schools use their 
microcomputers for less than one hour per day. 

Similar data for student microcomputer use, as depicted in Exhibit II-2, 
show that less than one-quarter of the computer-using elementary students use 
their microcomputers for more than 30 minutes per week. Even at the secondary 
level, nearly 40 percent of the computer-using students get no more than 
one-half hour per week of computer time. 

Exhibit II-3 indicates the median amount of time students spend on various 
computer activities in which they are involved. Apart from general 
introductions to computers, programming has been the most prevalent computer 
activity in secondary schools. In elementary schools, drill-and-practice has 
been the most often employed application of microcomputers. 
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INTENSITY OF MICROCOMPUTER US£* 



NUMBER OF HOURS 
MACHINES USED 

MORE THAN 5 HOURS PER DAY 
3.1 TO 5.0 HOURS PER MY 
1.1 TO 3.0 HOURS PER DAY 
ONE HOUR PER DAY OR LESS 



ELEMENTARY 
SCHOOLS 

13* 

36? 
26? 



SECONDARY 
SCHOOLS 

20? 
21? 

39? 
20? 




EXHIBIT II-2 



STUDENT MICROCOMPUTER USE * 



NUMBER OF HOURS 
STUDENTS SPEND 

MORE THAN ONE HOUR PER WEEK 
31 TO 60 MINUTES PER WEEK 
1 6 TO 30 MINUTES PER WEEK 
15 MINUTES PER WEEK OR LESS 



ELEMENTARY 
SCHOOLS 

2? 
21? 

^5? 
32? 



SECONDARY 
SCHOOLS 

37? 
26? 

15? 
22? 



EXHIBIT II-3 



STUDENT MICROCOMPUTER ACTIVITIES* 



NUMBER OF MINUTES PER WEEK ( MEDIAN ) 



ACTIVITY 

INTRODUCTION TO COMPUTERS, 
PROGRAMMING, ETC. 

DRI LL-AND-PRACTI C£ 

GAMES, ENRICHMENT 

TOOL APPLICATIONS 



ELEMENTARY 
SCHOOLS 

19 

13 
12 



SECONDARY 
SCHOOLS 

55 

17 
11 
30 



•Source: "School Uses of Microcomputers: Reports From A National Survey", 
Henry J. Becker, The Johns Hopkins University. 



J 



22 



In sum, available data lndleatt that there are a large number of computers 
in the schools, that they are used for various purposes, and that they are used 

i V ! y „ little per Me,k and P« r s tudent. Whether the extent of use has 
changed in the past few years is as yet undocumented. 

b » Factors Influencing Computer Use 

* n «>t late 1970s and early 1980s, the initial use of microcomputers in 
public schools was essentially a "grass roots" movement led by school staff — 
especially science and math teachers who were computer buffs. This movement 
has, in recent years, been bolstered by parents who want their children to have 
access to computers in school. 0 Throughout the 1980s, educational use of 
computers has also been significantly lnfluenor ' by vigorous marketing by 
hardware vendors and a spate of electronic education Journals and conferences. 
Another factor influencing the growth of computers in schools has been the 
increased perception on the part of school staff, particularly supervisors and 
administrators, that the microcomputer will provide them with more control over 
their work environment — better information and more rapid response times — 
than they had previously using time-shared mainframe systems. Perhaps the most 
critical factor in the growth of computers in schools has been the rapid 
decline in cost of hardware in relationship to computing power (microprocessor 
speed and capacity) which has occurred over the last decade. 

In April 198<l, the National School Boards Association (NSBA) , in 
collaboration with the National Institute of Education, conducted a survey of 
1,000 randomly selected school districts on home and school computer use .9 
Although the survey's response rate was only 27 percent, severely limiting the 
value of the study, its findings do provide some interesting data. Responses 
from high-level administrators and school board members, indicated that the 
school district superintendent, school principals, and teachers were believed 
by 92 percent of the respondents to be the individuals who most encouraged the 
introduction of computers into their school districts. Approximately 
two-thirds specified that the school board strongly encouraged the use of 
computers, while 60 percent said parents were strong supporters and influenced 
the introduction of computers into the schools. Only 20 percent felt the 
computer industry was playing an important role in encouraging the use of 
computers in their schools. 

During the last two years, state education agencies have increasingly 
encouraged the use of microcomputers in public schools. Before 198i, only 
seven states had state-wide policies related to education technology, since 
1982, 40 additional states have developed formal policies and initiatives in 
one or aore of the following areas; (a) staff training — «7 states; (b) 
software evaluation and dissemination — 31 states; (c) courseware distribution 
— 35 states; (d) dissemination of information — 40 states; and Ce) computer 
literacy guidelines or mandates — 25 states. Examples of state-level policies 
that are already having significant impacts on the use of computers at the 
school district level are: 

• state-wide telecommunication systems which will allow for electronic 
distribution of courseware (West Virginia, Maryland); 

• state-wide adoptions and/or subsidized purchases of courseware 
(Minnesota, Texas, California)'; 

» 
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# ^XSSSXd 1 * WhiCH HiU C0UnterV ' n — ■ Rising 

# ne^Urta""^? f?,'" - *' atmU §nd local « d ""*ion reporting 

Sfr^?!' ^ "H* result in greatep hardware atand-rdization (West 
Virginia, Tennessee). 

«. Decision Makinq/Budg etinfi 

Computer acquisition decisions nay have a significant impact on how 

r.chers' 1™ the" &JE°*?- ^ "*>ols where'a group It 

-ore teur 5 or tn« . ■icroco.puter effort, microcomputers were used for 

of Ml Percent ^ !T ? - ? ^ by types of ^udents (an average 
S i« parccnt of the students used then). Moreover, the breadth of comouter 

n t^rt.'V.ZZ?*- 10 TV Mt ' "Wla. other JoainLS^ 

or a single teacher were mainly responsible for computer implementation 

i^ntek.^ 1 " 15 PerCCnt ° f thB StUdent *«' u " d tha cXVeTsXi^ 

„. . f rlor to Bor « than 60 percent of school technology purchase 

-S^.^.^V t T ,lir in / luenocd b * individual teachers other key 
movement in I m \ ♦w??. ag ' thi3 18 a reflectlo « the grass roots 
" j »otion at that time. By 1983-84. the decision-making process had 

cSSJ^ized Jn t;" y ' 1 M ^ r ^P"ter hardware purchasing is definitely 
n ri e J"* Mjority.of cases. 1* In 1983. 55 percent of the local 

district lavii 1 ti^Tt lndlcated thet ^chasing was conducted through 
district-level bids and 23 percent of the districts were involved in state 

oercL U r Q r Se t h Slt rV? S - **** the diStrict '^isor'a viewpoint, only W 
f ,° f t ? a districts indicated that individual teachers or principals 

controlled microcomputer purchasing. Regardless of the level of decision 

SS"Si appr " i08t f ly 80 * crcant of ha ^ware purchased by public schools ?n 
1952-83 was directly from computer stores and retail outlets. 

r^JZlJ** r? th '' r J*™* 9 in 56 P ercenfc of the cases individual teachers 
recommend software for purchase at the district level. Selection and purchase 

ihir 3# u * adninistratlve *> ft ware, including word processing and spread 
sheet packages, were bought at the district level while most of the curricular 

courseware were purchased by decision 

Although school districts are spending less than one percent of their 
per-pupil expenditures on hardware, it is not clear how much computer funding 
BM rLr ey M Md how much is reallocated from other functions. Schools 
appear to be getting outside support for software purchasing. In 1983, Federal 
funds (primarily Chapters I and II of the Elementary and Secondary Education 
m LZTI^ *< pe : ce ^ l ° f "tool** software budgets, district monies for 
nLi I ,! Bonies for U P«rcent, and other monies for 13 percent. The 
other" category included fund raising, donations, and state monies. Indeed, 
™l s are turning more to local resources, including the PTA and the local 
business community, for support of the software budget. 
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■^ .fTwl 1' Uetle " hlch •"""'MM pi«cta..l proeurament. A 

' SSTJSSSST' " lty Sch00ls obtalned • banl< loan to 1.500 

* i"V lB ,"""> ^dependent School District recently purchased 
h.rdw.re/aortw,re nislntensnce end support ss a total pick.ge; P " d 

rinil^tll iU!?? Ul "**— r«ei»ed a total of |« iliion m state 

IT^lu^T^T" lr °° ' Sute - Wlde bond issue * 

?.rf. W ? y » ere " ted st «te-sponsored corporation is being proposed to the 

services ^hVk '?*"* f ° r the pUrCh " e of ^\rl, £ovl,ion of 
services, and the development of software for schools in Arkansas; and 

• The Minnesota Department of Education subsidizes local software 
purchasing from "quality courseware lists". software 

d - Beglonal/State Differences 

st.tes egl I„ n de.d ir . f ? r h " C "< * PP *' ar t0 " e lMS Pronounced than differences among 
'..r, 7?' !f h re « lonal Patterns are not as noteworthy as they were four 
lltll .f" the . north centr " 1 st,t ". le<1 »y Minnesoti. had the Mghes£ 
wiernor. or lUVfl" * St » te -"« Initiatives unde^.ke'n by 

lllllll legislature, tend to diffuse these regional difference,. For 

» ; S D r «JJ J' r,nked . l0WeSt ln the ""O" ln the nusber of 

computer, per student a year ago but could, as a result of an initiative 

announced by the Governor in July 1984. have the highest ratio within 

As noted above, state-level policies hsve influenced the use of 

educator.'." "V" l0Cal leVel - «»P«l«"y i" -taU. wUr. the st.?^ 
« tinn « traditionally centralized role In area, such as 

certification, state-wide purchasing, textbook adoption, and state-wide 
telecommunications For example, the nature of deputed literacy courses Jn 
£ certfr^ 8 " influence < i * ^ st.te-mand.ted law requiring .11 teacher, to 
V t." C0D,,ut,r "t«rate before they can be employed by , local 
Pouter for ™ e /««nt ,t.te-wide. tot.l-p.ck.ge procurement awa^to Apple 

ntture D ^1.""/","."'" tr " Inlng ,n<i SUpport 1,111 influence ?he 

nature of teacher training and curricula in Tennessee. The stste-wid. 

sL'tV widt" f 0 " ° f "e* IBM PC "•Jibuti., network ^ iest VlrglniT.no 

di^ri:t, e in 1 :h.t i s?.:, f . ,oft - re has aiready had • signirioant iopact - 

e. Socioeconomic Differences 

J" the i 85 ^ four y" rs th * «ap between poor and wealthy school districts 
(as measured by per-pupil expenditures for instructional materials and 
equipment, revenue raising capacity, *nd other indicators) has been 



decreasing 13. Ik It is not clear, however, to what extent or. indeed, whether 
there are differences between wealthier and poorer districts with regard to the 
c <»P ut « r »- *»• researchers report that wealthier districts 

are four times more likely to have microcomputers than poorer districts.^ a 

^°w ri .2S/ t X d . y / 0U ; d J*? disadv * nta * ed ^udents in schools which received 
money under Chapter I of the Elementary and Secondary Education Act (ESEA) had 
more access to microcomputers than did students in non-Chapter I schools.^ It 
is likely that equity issues vary among states and even among districts within 
states. Although virtually every state with established policies on technology 
use has considered the equity issue, only a handful have implemented policy 
which even tangentially addresses equity Issues; these include: (a) 
California, which requires microcomputers purchased under the "Apple Bill tax 
credit" to be distributed to all schools; a- d <b) Georgia, which is formulating 
a state aid program which takes into account district wealth. 

f . Urban/Rural Differences 

Some of the best documented differences in the use of computers in 
education are those among urban, suburban, and rural districts. The use of 
technology in rural districts has been a target of much research and field 
experimentation, primarily in areas' only peripherally related to computers 
li.e., telecommunications) The National Institute of Education (NIE) his been 
active in this area, having sponsored a large experiment involving satellite 
broadcasts of instructional television and computer-assisted instruction in 
Appalachia and Alaska. More recently, NIE commissioned a series of case 
studies of computer use in rural districts. These qualitative studies, along 
with some survey data gathered by groups such as Market Data Retrieval, 
indicate several unique factors associated with current use, diffusion, and 
decision-making processes in rural school systems. 

While parental pressure has taken over from the teacher "computer buff" as 
a major factor influencing the use of microcomputers in urban schools, the 
prime movers in smaller rural districts have continued to be computer-buff 
teachers and administrators. The costs per pupil in rural districts are 
usually higher because fewer children are served; hence, technology is often 
more cost-effective than in larger districts. On the other hand, because of 
higher per-pupil costs, the availability of any funds to purchase the 
technology, even when it is relatively cost-effect* ve in providing a service, 
often does not exist. 

In many rural districts, technology is perceived to be a means of filling 
certain voids. Many rural districts cannot support quality programs in some 
areas because of the lack of specialized teachers or high teacher turnover 
rates. -m After staff salaries, the largest budget item in most rural school 
systems is transportation, an area in which telecommunications (incorporating 
microcomputers) offers a serious cost-effective alternative (e.g., home-bound 
CAI, in-service training). Moreover, rural districts often perceive 
technology, not as a replacement of staff, but as a means to provide a service 
not available through any other means. 

A major factor affecting the use of microcomputers in rural districts is 
the degree to which certain technologies prove successful in providing 
substitute or improved service in states with geographically dispersed 
population centers. Computer and audio teleconferencing for in-service teacher 
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Mii/bl'll^.-T •"• ctlv « co.wnpl.ce In Alnsk.." Electronic 

;.ion. b ? it. 1 / ^ Bk „VZK? t Z£X2S? »• «•»—•»< ««»«. 

•valuation. ? S! fliiseminating information about software 

In Vt J?.T*Sf Y t "^ 1 ?? prac " c "' « nd •«■•«' topics to rural JSrtS 

in tnese states. ^ in small rural districts, the availability of t«-«i.„. 
tel.oo»unic.tion networks has contributed to high r\t7£T£!o£ P &£™ 

Offic^su'lfr^diaS^f 1 ^* P "" t ? C °° PUter • d ° ption in wal «™». 
.«k^J t / . districts often perceive technology as a means to resist 

school district consolidation attempts by state education ameneies lull 
Tr n ^t\ i0n Pr# " UrM the desire t^iffTwn r™S 

se?vic. i tZL »«? telecom-unicstions are effective in providing certain 
^r\ut \ S" better prepared to maintain the political «nd social 
integrity of the school system within their community. In rursl school 

2S2! ^.r^L^f 0 : < de . cislon Mkln « usin * ■ — t^KL«^ 

are le.r for«i !^ 2 ^ricts. Generally speaking, rural districts 

sre less formal and bureaucratic and are less likely to face ri*id teacher 
union bargaining agreements th .„ . r . w , n BRd 9uburb ^ tMcher 

readuS Veil I'm. ^Vl*** confrontin * ™ r *l computer users is the lack of 
readily available maintenance, support, and service. Increased reliability of 

liJ^ZuZ. of software have contributed to the use 'i 

rurar^?stri e tT > 7. ln iB Urban c ™™*ties. Interestingly, many 

[ram h V t , - JT r *?°? ,d their own ^-nouse maintenance and repair 

groups, which often include Junior and senior high students. 

differI»rii^L!! St ? a 0ft , tn f "° e technology-related issues which are vastly 
"nool svsJeT. I** u^* 1 *' * 8UrVey 0f ^^tely 50 core citj 

llTlll l!^!Jr^ ^ iVer8e Mj ° r Ur0an oentars « San Francisco; 

Dallas, Rochester) identified several of these urban Issues. 20 

* f"*!™ ti fJ! a l U5e of co »PUter C in urban schools focuses primarily on 

t?\Jl*l< the computer as the object of instruction. Fifty 
VLlSl* L h * diSt, ; i , cta » urvtVftd h -d »t Last one introductory 
rllli ti L C0 "™» 4 " 8uall y in the 7th through 12th grade, most of the 
remaining districts reported they did not have a formal computer 

infuZd SLL"f J?" ""^J"*" ^owledge about computers) was 
infused throughout the curriculum ss part of the computer-assisted 
instruction plan. All districts had secondary-level computer science 
courses, with the average district having seven such offerings. 

* EetS^!^^ - T 1,ty ° f ^^tr.tiv. applications in urban 
nrov^?i 5 ll f UCh gr " ter than ln rur « x districts. In sddltion to 
E!!*?, 1 ?!. their own finance, personnel, student record keeping, 
scheduling, testing, resesrch, and payroll functions, men/ districts 

^ to computerize libr.ry books, tr.nsport.tion routes, food 

t£\2lZ \J* iam inform * tion ' «d ^rgy use patterns. At the 
building level, moreover, as a result cf the microcomputer, an increase 
in the number of administrative applications has occurred as 
■icroeomputera new manage course loads, handle attendance, provide 
vocational guidance information, arrange schedules, manage grade 
reports, develop IEPs for special edition students, etc. Moreover, 
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.ppro«l».t.ly «o percent of district, with .ieroeomput.rs .re currently 
percent^t^ th' ,1, \ trol ' ie "1. i. projects twiner....™ "o 

* if, P tM^ iB ^ ely , °"- h « lf th. urb.n di.trict. surveyed h.ve . 

develonJ h» fl*r L , dl,trlot » in "hich lost plus continue to be 
=»m-fn^ V iBdiv "«»*». »«>«t urbsn districts' plus .re developed bv 

cons'un'.Vt: CO r i i S . ed ln 0 d f 1 '°»'»*»tr.tor,. teuhers. psrlnts? .2 
umuinu, While Individual computer-buff teachers w«r» f, »k. 

522'e 1 " tr " enU1 ln 'nULl introduction of -io^oSt". in USn 

nld . suilH* rfr*, 10 " ° f br0 « W >»«' cc^ittees"". .or. r.c«u" 
• ".nlfieent influence on school decisions. 7 

" ^^ilSJr*"",* /" tor ln th « current use of merocooputers in urbsn 
Hi oVior lli.V * *? bMrMU0 ™"« structures of these districts . no 
,?!„frf " 1 * t "°« of • co.put.r-b.sed inf restructure . Where.. .11 
M^^LuS!^^ 0 ^ 7 b «" nsndled by tS schoo 

off-Le^t^V 1 "'""' P,yr ° n ' ,nd P»r»nn.l «d /new!, orfeted 
DurihAJf , P> B, r y r "P»nsibillty for instructions technology 

mil .2' ^ SerVlCe ^ r V a . lng ' ,t0 - 21 •» ro « t ° f the district, 

still h .d Just one division responsible for computer use mill, 
spproxlmstely 17 percent h.d three or .ore such division's In 

ana courseware to be purchased is managed at the central office- in ?0 
percent of the districts, individual school ^eS^^ 2J2 
purchasing decisions. Only 20 percent of the districts require cental 

^.«i«7 P Tt 1 f ° r . SPeCifiC brMdS 0f co ^«w»re. This represents a 
HilJ * l0 " 0f autnorlt y many entrenched data processing 

within these districts. The existence or lack of clearly delineated 

..TE^efX r °\" * nd ™P™«>iHti.. in urb.n districts has Sal 
an impact on the nature and extent of computer use in schools. 

2. SPECIAL EDUCATION 

an ^ n /j[ P ur P°a« °f this report, the tern "special education" means 

™£l£2l U ; UCt £ D r * rC 10 5006 ^ «SwS «r 
talented). leaning disabled, educ.ble mentally retarded, gifted and 

other Th "thTn« °L COa ?f' r *, H " bCen grMter ln special ^u^tion than in the 

•dueltilY rl duca " or ' al P » lrketa (e - g *' bilingual education, vocational 
education) One estimate 21 of tne nuaber of BicPOC0O p Ufcer8 used ' in """J" 

education du-ing the 1982-83 school year was approximLly 25 "o00, of ^ cJ 
instruction 6 "if ^ ^"fj - dnjinla tr.tive purposes and 15,000 for 
■n^i-i i M !t w W " P a ro > cted that 150,000 microcomputers would be used in 
special education by 1985-86. with approximately 85 percent used primarUy for 
instruction and 15 percent for administration .22 decent estimates indLate 
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i J ♦ « al00St 150 ' 000 "^computers were being used in 

special education and gif ted-and-talented programs for a combination of 
instructional and administrative functions.23, & mation of 

admi „ A 4 MJ!!t < SUrvey , J*«f «ttd that approximately 80 percent of all. computer 
nltura % u< ■PPH«tlo M in specif education were of a single-purpose 
Ninety-four percent of the districts sur # eyed I used ^ sue h 
single-purpose packages for student attendance and enrollment, while X? percent 

?hfn IS e Sercen? t « d f C ?L traC l! i,,gJ ° nly U percent used th «° 'assessment! Less 
rlrAl^ r L the P acka « ea were comprehensive (e.g., multipurpose); ,yet 80 
nrvRwah ? f fcbC , r "P° n d«nts indicated a need for such multipurpose. 

SSil^fSS^'nS : latCr StUdy ' 1,5 pePCent 0f the respondents stated 
their district plans called for an increased use of microcomputer-technology in 

rll B M Pe 4 Cial *K edUCatlon ■ dDinl8tr »tion «nd instruct ^n f with a large majority 
recognizing the need for multipurpose administrative packages.26 8 ■■Jor«y 

limiti? tr u U n C Mi° nal ■ ppli " tlona for *P ecial ^«o.tion students have been 
*« recently by the lack of commercially available courseware. 
Approximately 60 percent of courseware used in special education is primarily 

tor aVmur^Jo^'inH H ?T e r% SpCCial hav « expressed a strong need 

£L£ - J! * BS " nd J tu , tori »l type programs for introducing concepts. High 

su vival skills. In these areas, only about 15 percent of general education 

how * v ^ : » number of publishers have announced new courseware products 
™Mrfr C ° od 1 if A able or adjustable by special education teachers for use with 
rSIit P0pul " ti0 " s - For exan P le » in approximately 100 new courseware titles, 
teachers can adjust response times, change word lists, etc. to suit slower 

i!ft7Ai a ; ReC ? n , t rese f rch fim1ln 8 s indicate that adjustable courseware is 
critical for certain special education populations , 2 ° 

m,t,^7s <!ra 1 1 fact ° rS h8VC contrib «ted to the rapid increase in the 
instructional and administrative use of microcomputers in special education: 

f P * r ^h 1 ?!!; passa «* of Education for All Handicapped Children Act 
ir,L * 9 ™ 2) Required: (a) the development of individualized education 
programs CIEPs) for each special education student; (b) detailed student 

?r,?H. e Jl Si 4 n8 a "d P rooedur -l safeguards to which each special education 
student is entitled; and (c) increased reporting requirements at both the 
local and state levels. As a result of the procedural safeguards and 
administrative processing requirements mandated by law, the microcomputer 
was perceived to be an important administrative tool which could reduce 
staff time and paper work. Indeed, recent evaluations of the use of 
administrative and IEP development packages indicate that, in several 
rilV* at r*i r Ho* IS developing and updating IEPs has been reduced by a 
factor of ten. 29, 30 By requiring an IEP for every child, the law also 
generates a demand for instructional management applications to monite*- 
individual student progress at various levels. 

2. Once considered a thin market, special education has received 
increasing attention from private courseware developers, electronic 
publishers, equipment vendors, and others. There has been a significant 
increase in Federal, state, and local expenditures in special -Hucation in 
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«r n bi,fi , ^ , i r, 0 « 0B "» r " ta ^»»» •»•■ "Ulon in 1976 to .n estis.ted 
»1Z billion In 1983, to ■ projected »1S billion in laas 31 n " Z? » 

■2? -s-r*?"? " , W? 1 V r " for .iuon^lneKonSl"*^ 
mm * Ju " p 1360 " llli0 " in 1982 t0 * 6 « I ■mSTta 

3. There has been growing recognition of the high costs of nrovldina 

117 Zlr?.J? a ! iC ' , r i J tuint '- The CMts of —inletretlvt p?oo."lnt 
end .overhead for handicapped students are approximately *500 Mr mar 

i° ,2 °°/ er y " r f0r * "onh.ndic.pped student. figures do 

«...».nt 33 • d T ditlon « 1 * 30 ° Per P"" 11 for » development ,nd 

Io«r^?-2h, J° "* the deBand for reducing these costs, there are 
P»ck»e."Vr.Lntw 0B ° e, ;f S 1 * "" U * U «*»i»l,tr.tive/IEP development 
education. * " v,11,bl « on "icroeosputers for use In sp.cl.l 

!L.r? e J? A™ "**?, i " c ,7" ln 8 Pressure free) psrents who are becoming sore 
'I 1 * evsilablllty of adaptive devices for handicapped students? 
In some instances, parents ind civil rights lawyers have pressured schools 

lluZST h *" PtlVe , deVlC " - hleh " uld ■"«» ">l«ht or hearing Sid 
students to have equal access to computer-assisted instruction. The cost 

or four deVi °" " r ° PPed d ™«"«"y "» S tat three 

™* S ; ^rtment of Eduction has implemented a strategy 

oTfSce of - Z.JL°f°.i T," te D chnol °8y u " i» ■Peol-1 education. The 
comment/. P f J! V * duca V° n Pro , sraBa ^rategy consists of several 
ST^ITI ( V fun " ng of several Billion hilars of projects designed 
l*u?t??\ regU J" cduca \ ion courseware to meet the needs of special 
? pula " on3; < b) * l»rge-scale technical assistance effort to 
i , ! nd l0Cal education «gencies in planning for the use of 

technology; (c) establishment of several information clearinghouses and 
HI ( J?*?* on apecial . « duc » tion software evaluation and related issues; 
and (d) its Market Linkage Project wh'.ch is designed to facilitate 
llZtll e communications between developers and marketing and distribution 
groups to subsidize some of the costs of publishers and distributors. 

3. VOCATIONAL EDUCATION 

Unlike existing data bases on mierocompute.-s in special education, there 
iLHi 5? } L n ° " ationwide information on the cut rent use of microcomputers in 
in north ♦ *l* ■v.il.ble data are from a survey of schools in 

. \ ^ S d tat "" B,fDrt revlewin * the findings, two caveats are in 
° n *J' Th , e " states generally have higher student participation rates in 
IZLiHZ *,i education than other regions of the country and they have 
traditionally been the most active in computer use in education . 34 Therefore, 
it follows that this region of the country may well have a higher degree of 
computer use in vocational education than other areas of the country. 

It is clear from the survey that more microcomputers are interfaced with 
mainframes in vocational education than in general education. In addition, 
approximately 25 percent of the respondents indicated they were using local 
area networks of computers, with another 25 percent actively considering such 
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ccbin.tion r U M ts . throu «>»«' th. .ehool district or in 

•re. 0" ^rdT^iV.'Tsy^™^ 10 ^ •*—**•». «rcteat us. w.a in th. 

fin.ne./Toco«?Sn. *r .boTec.? '/^"""U d ? a MSe •Wllctlon. .nd 
apre.d ah.et. Percent), followed by analyae. .nd 

percent of the r.eponca. Eleotronle «" »« reported in .bout ten 

-lcro«Ct.V. St K .r t . i0 oei„r e u a , , .H 72 r Per ? nt ° f the indicted thet 

ooBputer-ewietVinetructiin "S?.?' I*," 6 "? 1 "° rd Piecing, followed by 
educ.tlon.1 ".ulitJon, ^, P« re « n «l d.t. baae cnageoent (52 percent) f 

to g.n.r.t. ind com t«t. JETTS.* .,<..' ">« nslve »' »icroco»put.r. 
epecl.1 eduction r.£L«»t th. , h hlgh,r tnan ln « ene r« eduction or 

tcting in voc.MonS XVSon CMI c»,T m «»«c.tion .nd 

-ere ,130 u.ed a»r. in "e.Uonal .SucS "M™ educ '" 0 "' 1 »l»ul.tiona 
educational .Uul.tlc". education than in general eduction .a .re 

They cr,^.?' !T "*?. lM counselin 8i pl.ce.ent. .nd aupport .re.a. 
percent o? the a?tea vZltT"?* 1 lnf °™ a »° n in approSctely 

oounaeling , .nd . Ani'Jaii- " U "" >er (33 P"cent> u.ed them in 

a * ,tl11 "^l** percentage for Job placement (23 percent). 

used Ma^TntVnalt^V 0 ,^ J k ^f^" ' th * 8urv «* founIi th <* -lcroco.put.ra were 

ldc^^.^i tl," W ° Uld lnal "t. that approxi.ately BO.OuO 
in ^^^J&T^JT^JSS^^ »d 

.auc.tToTwiu"^ ? ""'^ in ^""""^ 

.oftware ecu d. '.tic which win have « tacit" 'T*' 11 *- *" 1 "" ,0rt " ,t 
vocational education la the c« "uAh !h'„* P * on J rutur « computer uae in 

cuinga!'^^ 
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-H„^?° th < er *f aC J t0r whlch lffects *he use of microcomputers in vocational 

In the eL^™ tTV t° ^ " - 3Ch ° 01 dlStriCta .s^tn"s 

to the ^ fc tr.lni«g proo« M . Vocational education is closely related 

to the use of technology in industry. The degree to which schools »r# 
responsive to providing the job skills demanded by industry and the ce*4e to 
which industry assists schools in this process has a Air^uSm^t^t^^ 
of computers and electronic learning technology in vocaUonai rSSSSjSSS. 

1. BILINGUAL EDUCATION 

Relatively little is known about the current use of computers in education 

L r ent r iffi° r StU ? ent ! Wi , th UDited ^ lish Pudency (LEP). H^SSS 
identified some trends in basic and demonstration programs funded by the US 

compos fn^m'MH 3 ^ 8 ai « ni ~ increas^i^u"; £ 

between iQaV^d loVa 5 t""?^ cdu ° ation P r °>*ts funded by the Department 
,11^ I , ' J n 1983 » only three Projects involved computers; in 
198*. approximately 60 were computer-related. Of those 60 projects 

lllZ X *: ately 1° ^ the COn,pufcer P rin ^"y for instructional purposes with a 
secondary emphasis on the use of the computer as the object of instruction^ 
(i.e., "computer literacy"). In four of the projects, the primary plrpl se III 
the computer as the object of instruction with the remainder of the projects 
focusing on record keeping, test scoring, and other simple applications? 

becJsl U i\VJ< r ° m , 3 SUI T y ° T < 00n,puter U5e P att *™s in Texas schools (which, 
havp m sh +1 SC HiSp£nlc Populations, night reasonably be expected to 

tilt r 8 .f, r w SVerage lnvolvenent in bilingual education) clearly indicate 
MtVJS* i?i B 8 , aeC0 . nd langua 8 e (ESL > represented the lowest computer-use 
*ff£J T y ' , C ele J Dentary level » 50 P crcent of the spools used computers in 

git ted general, and remedial education. Its use in ESL was found only in 

fTLI 1 ! erCe 2 t °f thC reapondents - At the Ju^or high level, computet- use in 
was less than ten percent, and even lower at the senior high level. 36 

The principal bottleneck in the use of computers for LEP students appears 

mL*\^;f S c C nn are ' A 5tUdy of c our5eware available in 1982-83 reported that 
more than 500 courseware titles were available for U different lanKuaees 
approximately 3 0 percent for ESL. led by French, Spanish, and German Hhai 
,J ' Approximately 50 percent of the courseware could be classified as 
driii-and-practiee, and about 35 percent was designed for intermediate-level 
Inutllt* r °u U ^ g P rimaril y «P°" grammar. Less than ten percent of the 
?2« VL , had Deen , evaluat ^ or reviewed in some systematic manner - much 
less than in general education. Currently, teachers of LEP students reject 
approximately 80 percent of the available courseware — for a variety of 
reasons — as not effective for LEP students. 

Moreover, privately-funded development and distribution of courseware 
projects has been relatively small because of the limited nature of the market 
and the large number of market segments (i.e., different languages). Over 
time, increased courseware availability for Spanish LEP students can be 
expected; however, for some very thin market segments, courseware will probably 
only be developed through Federally-funded materials development centers and by 
individual teachers or school districts. One of the largest bilingual 
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»h^ rS !T e , d ' vel0pOent P ro > cta in the country is being funded primarily 
through loci funds in the Houston (Tex. s) Independent School District? 

During ■ recent conference on technology in bilingual education^ 8 

EZ^Tzn^^™ types of — « set*? 

Fnaul** courseware B ust be language-intensive; most courseware is for 
l^JlV'tn » nd J an F?rncn. ** f ° reign tralning and ia 

control! Courseware Bust «l lo « individualized pacing and student 

hu^t^tZTT? iS .f " drill - and -Practice nature, it must be very 
i teac * era how the courseware can be integrated into existing 
1 ! Utoria 3 and »i»«l«tion programs must tike into account 
differing cultures from which LEP students come. 

*. The courseware must have been vigorously field-tested and evaluated. 

Introductory computer courses for LEP students are, for the most cart 
HZtt ^ thC j , Uni0r hi8h "* " ni ° r hl * h levels ' 3o«ne schools ?£ch 

S3 0 ri/„ ^ ^ < T ing, n0St min$Dize the necd for co °P uter Programming and focus 
cfi jS« !/° n ' awareness » and *PPl Nation. Most computer introduction and 

n Tn TFS" th X ire " ° f nath and * ci « nc «* »ny LEP students, 

offerings. necessary scores to qualify for these course 

eona J^ e ni 8 . Vailab . ility « Visibility of hardware is another factor 
in 22 ? ^ Programs. The availability of microcomputers 

in ™ES districts with large Hispanic populations is considerably lower than 
S V ^ lffi r tt/"? / ^* r, . th# diffe ^ nt -IPhabets of some languages 
Irllttll lint ! w coa P uters in language education. Specialized 

printing fonts and operating systems are necessary for operation with such 

o??^ 3 ;,,/^*" 068 A", interfaces between "icrocomputers and videodiscs also 
offer unique opportunities for expanding the use of intelligent videodiscs in 

ll^Z <° r , LEP , studenta by Providing improved pictorial representations so 
important in foreign language instruction. 

ln.tt?u£ h £ P mJ? 1*2* f ^ Ct ° r 18 te « ef,er training. At present, only one 
institute for higher education (i.e., San Diego State University) has initiated 

> pr f-" rvice training program on technology use in bilingual education. 
alLT ? *? , ^ eaC J , n 1 ; trainin « institutions in 20 states have such programs for 
ir 9 fivf UC ^ i0n / ? } The dirccto " of this program believe that 'any pre- Z 
in-service training program for bilingual teachers must, like general 
education, include components wh«;.ch will assist teachers in: (a) developing 
t^ egrat i" g cour «w»re into curriculum; (b) developing good tests; (c) 
evaluating software and courseware; and (d) using the computer in both CM I and 
cai naodes. 
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B. PROJECTED COMPUTER USE 



J n thi , 5 section we present information on the projected educational use of 

JK'ioSrXi^ ?2t~* 9 With l*™*** o« "the p^^ 

next fll'lcioX year" . * ^ C ° n5ldered » acen " io °-P«ter use during the 

1. HARDWARE 

. E«tiBates of the nunber of stand-alone microcomputers in America's schools 
lllL^H w 1 "lf b ! r ° f organizations. The most reliable of the recent 

estimates have been made by market research firms specializing in education. 

ifl J n , V* e 198 °-?i s ^ h0 ° 1 v «»r only about 30,000 microcomputers were in the 
?2 1 ?J.T I0 2?,, lrtth , abOUt 20 » 000 terminala connected to larger computers) A 
irth.^ e fir*/ i ! rOCOiapUt : ra haVe Prorated, little change has occurred 
in the number of larger computers in schools. Exhibit IW charts the rise of 
microcomputers in the schools. tne rise or 

™ ft nn f P« riod of ^ to three years-, the number of microcomputers rose from 
30,000 to approximately 300,000.^2 within about one more year, th* total 
inventory of school-based microcomputers doubled to more than 600,000 in 1984 
Recent projections indicate that, by June 1985, the number of microcomputers 

will n ,?Jlh Y o i mT 1 !,^ 8 4 b0 w Ut ia Billlon snd bv June 1°88 the inventory 
will reach 2.1 million. ^3 Although these projections are only a few months 

old, some evidence exists that they understate the future inventory of 

ifSrnwti? S . Ch °?. 13 - ® y o 1 " 0 ' the nuBber of "^computers in public schools 
is projected at between 2.8 and 3 million units. ^ 

* st , V pe !£ B agree that by 1988 tne typical elementary school will have 
approximately 25 microcomputers; a typical high school will have approximately 

Toflc ♦iTl 1 ! 11 , b t,f bout 25 students for every microcomputer. By the end of 
inocN ,49181 public school investment in computer hardware (between 1980 and 
1985) will be approximately $25 per student, significantly less than one 
percent of the current average annual per-pupil expenditure. 

There exist other technologies which hold the potential to enhance the 
value of microcomputers. Foremost among these is interactive video. Most 
experts agree that prerecorded personal computer software will begin to be 
replaced (or augmented) by interactive video during the late 1980s and early 
1990s. A number of factors will cause this change, including; (a) 
increasingly user-friendly personal computer hardware and software; (b) ease of 
incorporation of computers into television sets and other component systems; 
(c) increased availability of interactive personal computer software; and (d) 
lower prices. However, a major breakthrough will be the emergence of the 
erasable videodisc to store error- free logical and numerical data. Such 

fofft U u Vide °?i aC A Bay . enter the oommercial market any time between 1986 and 
1985. When videodiscs have the capability of storing both logical and video 
date and prices become sufficiently low, by 1990 videodiscs would replace 
flr.jpy discs for many microcomputer applications and greatly enhance the 
qu^my of educa ional software. 
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EXHIBIT II-l* 



NUMBER OF MICROCOMPUTERS 
IN U.S. SCHOOLS 
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2. SOFTWARE 
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schools C i/thrl t ° f r C0OB>erc i« 1 software used os the typical microcomputer In 
ZT* I r ^ f0Ur packasea y * lv ** «t approximately $150 each. While the 

greater efficiency in production, and increased use of networking/ 
telecommunications in the public schools. worKing/ 

f ! e ^ e ? n J 5 ° and 70 P erc «nt of the price of a typical courseware oackaee can 
be attributed directly to marketing and distribution coats ^1*82? «2ut X 
percent of the courseware purchase J by public schools came from retail outlets? 

re.ainL'rof T diractly f ™ ****** educ.Uon dealer^ ^ 

remainder of sales were made from catalogues, direct mail. etc. In 19 

X™* 1 ** t0 a nu » ber of reports, .high cost's of courseware markeSng and 

it ^^ U ^° n u Wefe conaid « r «* ■ ~Jor obstacle to expanded use of microcomput^s 
in both the home and education markets >6 * microcomputers 

dt * S an ! lte , rn f tive t0 •«i»tiBg patterns of software distribution, 
distribution by electronic means has, or will shortly, become feasible: 

# The concept of the local education utility has been developed by the 
National Information Utilities Corporation (NIU). In this model, as 
courseware is entered into a central system, it is transmitted through 
an uplink to a satellite which, in turn, sends it to a local 
transmitter. The courseware is then broadcast directly to host 
computers in a district school. The digitized data can be transmitted 
30 t !r.-s faster than traditional distributive networks using telephone 
lines and modems, students in the classroom share microcomputers or 
terminals which allow them to access courseware under teacher control. 

used ?L PW * U ?f based ° n the typ * « nd «««t of courseware 

roiH vl , P ° tential advantaRCS of ^is type of system are several 
I old. First, it can greatly reduce the cost of courseware distribution 
when compared to traditional means. Second, it encourages 
developers/publishers to develop quality courseware because royalties 
will be determined by use rates and software piracy minimized. Third, 
it encourages school staff to use the computer software in an 
appropriate and effective manner in those areas where CAI, for example, 
appears be more cost-effective and appropriate than traditional 
methods. F.-urth, this utility concept provides opportunities to use 
under-utilized technology infrastructures, such as education television 
networks, which encourages state-level involvement. 

* d^^Vh ng . 4 telCC u 0n . fflUn ^ ati0n w 5 SySte0S can also be u5< * fr -* courseware 
distribution. Networks such as THE SOURCE and CompuServe can transmit 

courseware to schools; however, these systems are at 12 1 pendent upon 

telephone lines and have relatively high ce^s, Commodore 

International, Bell South, and Control Video Corporal, .m, however, are 

38 

-29- 



field-testing a variation of this distribution concept primarily for 
home computer courseware review and distribution. This system relies 
heavily on local telephone lines but provides for a relatively low-cost 
master modem as the telecommunications interface, thus reducing connect 
time charges. 

• Through the use of videotex, courseware could be transmitted to schools 
through television signals. Such a system is being considered on a 
state-wide basis in Delaware as an alternative to the existing 
educational network of time-shared, computer-based curriculum which now 
serves several thousand students in the State. 

h< J***}* ea ? h of tne " »lternative systems has its advantages and 
Hr!!f-? 4 ? 18 Cl " r that « lectr °nic distribution of software will have a 

««,!?AJL impact on educational computer use. It should lower the price of 
courseware, facilitate software updating, and encourage heavier investments by 
publishers and developers in the development of quality software. If current 
trends continue, most experts agree that by 1990 more than one-half of 
educational courseware will be distributed to schools by electronic means. 

3. MANAGEMENT OF TECHNOLOGY 

Future computer use in schools depends on the degree to which school 
decision makers take the necessary initiatives to use technological advances 
effectively. Virtually alt experts agree that the initiatives with the 
greatest potential impact are; 

• Proactive Planning v ersus Reactive Behavior ; Less than 20 percent of 
the public schools in this country have plans for the effective use of 
computers and related technology in education. Without such planning, 
effective use will be minimal, with school decision making focusing 
upon crises and external pressures. Only one large urban district 
(Houston, see below) has established a 20-year plan which takes into 
account probable technology advances in the next two decades and is 
attempting to plan for the effective integration of technology into 
areas ranging from facilities to course offerings. 

• Staff Training; The nature and extent of staff computer-related 
training has changed considerably in the last four to five years. 
Initially focusing on how to operate computers, a growing number of 
school districts and some teacher colleges are beginning to address 
such areas as applications, courseware selection, and integration into 
curricula. In the next two years, some multilevel, sequenced packages 
of integrated software and basal textbook series will be used in the 
area of math and reading, particularly at the K-8 level. Some of this 
courseware will incorporate concepts, such as expert systems, from the 
field of artificial intelligence which can be used to assist teachers 
in managing elements of the instructional process (e.g., 
diagnosis/prescription). However, the widespread use of such 
integrated courseware and computer-managed instructional systems will 
require massive teacher training/retraining efforts focusing upon 
individualized instruction. Such investments in staff development will 
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be ouch nore costly and tiBe-consuBing than existing teacher tr.inin* 
in the use of the currant generation of courseware. training 

* ~ j?it! Cd Dccen ' raUzed Control « One of the Bsjor f.ctors 

contributing to the initial growth of Bierocomputers in schools ill III 
perceived opportunity for increased control on the oar t of Si 

-in result fro» the convergence of telecoaaun ication* .J J 
BicrocoBputers. This convergence inpliea " higher "Uraa of 

thr«»!J *t «l«ctronie Beans, or at the school building level 
£l2f. r U " ° f l0Cal * rea "• tw '' k »- Often st.te or district 
?el ecommun £ JE^^ 101- " 8 * throu « h ^noBi.s of scale offered by 
Concerns of h U ^ ^ U ,™ 10 Mn * contrel w» flexibility^ 

w^ich k -, ing ltVel 5tlff * includln « teachers. The degree II 

which the technology can offer opportunities for aultilevel decision 

a l?oA?iAT: 0 l WiU significantly to X degrei 

triages! -*»Uit of these telecoBiunication/Bicroc^puter 

# il S ' it ," t . l0 " al .,, RCf0na Ver ! Ua TwlinoloKT IntenrentioM ; Over the last 
n«n,?i,n ' ^°l fc con P uter «PPlic«tiona have focused on specific 
populations and have been used for enrichment purposes. Only T small 

Z Ztll V"?*? 1 *? 8tiU aHd l0Cal scho01 ^ce^e tne ^ 

pXntial in^'T 1 "'J™ ° f the publlc Indeed, if £ 

Kiatin. ^/h !« e «P«ter use in the schools are to be realized, 
JLentiv 8 .. lBS V t I tlOMl barrlers Buat »>e removed. For example 
incentives Bust be provided to ensure that computer technoloav cm 

sc^^lfn^wK?^^ 1 ^ ^ StUdCnt P*rr°r°™*. nSSS%dS 
♦« 8 i required if individualized student-directed 

Stiff ^rt 4 r?2lf| CMPU T B v Mged lnatructio " "hieve their objectives. 
^ L ^^^/ 6 Performance-based if staff training needs 

*• OTHER CONTRIBUTING FACTORS 

mitJFl? are ! nt " ber ° f i»l»»-tant factors that will influence the nature and 
extent of computer use in America's schools during the next few years. 

Use with Targeted Grou ps 

Most experts agree that, in the next two years, a large number of useful 
software packages will be commercially available^ to saUs^B.^ but not lit, 

published a °nd T:!? 1 Cd0Cati0 I StUdentS " nd Staff - An l^eaiing ««oer of 
publishers and developers can be expected to announce adjustable courseware 
packages which can be used with handicapped learners, many in conjunction wiS 
adaptive devices and communication aids. "junction wun 

ad^n^J 1 !! ncxt two years, the number of multipurpose special education 
Hm^fX I \ v \t PP } iCati ° nS Whlch 8Uow {or uaer customization through 
ianv of th " 8Uth r ing te ° hni « u « a t0 local and st.te needs will increase. 

Many of these packages will allow for telecommunication with state education 
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.gencita, especially m states where state and local education networks are 
JT-XJJ!" ; * ppr f Xl "" U1 y 35 ■*■*•» Panning and/or implementing such 
.Ererinat^S K r<P °? l S pUrp ° 5 " ln ■»••« Auction. Host 2pSE 
I!I??.hi w« u " , tht nMt fiv * y fir ». »ofWe applications will become 
f t V W ? 1 f h ,, r * ly upon tx P* rt »y»tems technology (from the field of 
?I.r«A. 2ei] nt ?" i « tlMS « ) t0 •»«*•* •Ptoiel education teachers to diagnose 
learning difficulties snd prescribe spproprlate learning strategies. 

Unlike special education, where handicapped learners are prevalent in the 
population in virtually every school district, LEP students are 
disproportionately dispersed throughout the country. A factor which will 
arreot the incidence of computers in bilingual education will be the speed and 
aanner in which programs for LEP students are fully integrated into local 
school systems planning, budgeting, and decision-making cycles. For the most 
part, ESL and LEP programs are aeen by local district officials as Federal or 
state categorical programs. Indeed, most of the computer initiatives in these 
programs have been aupported through discretionsry funding from the U. S. 
Department of Education or from special set-aside funding from states with 
large percentages of LEP students. .As with other special populations, the 

l!S«VA«iff W J" #l,t h " ■ 8SU " ed 80B « responsibility for ensuring the 
availability of programs and Materials and has provided assistance and 
information dissemination (e.g., the National Clearinghouse for Bilingusl 
Education). If microcomputers are to be used in an effective manner in 
bilingual education, however, •school district officials will have to plan for 
the systematic integration of LEP programs into their regular curriculum. Most 
experts agree that unless Federal funds are targeted for CAI development, the 
use of CAI in LEP or bilingual programs will continue to be substantially lower 
than in other thin educational markets. 

In the next five years, vocational education programs are likely to be 
more dependent than other program areas on software developed for industry or 
military training purposes. Critical will be the extent to which Industry and 
school districts work as partners in the education and training process. The 
degree to which schools sre responsive to providing the Job skills demanded by 
industry and the degree to which industry assists schools in this process will 
have a direct impact upon the use of computers and electronic learning 
technology in vocational education. 

b. Curriculum Integration 

One important factor which will affect future computer use in schools is 
the extent to which courseware is integrated into school curricula. A June 
1984 survey found that computers had not changed the methods or content of 
instruction in 80 percent of the school districts which responded. ^7 Of those 
districts reporting that computer usage had altered methods or the content of 
instruction, mathematics, business education, English, snd the sciences (in 
that order) were the most affected. Eighty-six percent of responding districts 
had no school board policy or guidelines in the selection of courseware or 
software, and 68 percent had no policy on the selection of textbooks that 
applied to computer courseware or software. In the approximately 20 states 
which have state-mandated curricula and quality standards, most have undertaken 
some formal or informal initiatives to ensure that existing supplemental 
courseware is capable of being integrated into their curricula. For example. 
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M^oVrU£Tlh^7 ^t^t eo \'"" ln « squiring d« 0ns tr.tion, of 



At the operational level, most educators perceive an inoort.nt nmmA r*t> 
^computer integration into school curricula.^ According STwLatvi? 

I va h r e i r e a tr 0 f Z'inT'TV, * Cl °" ly te curriculum lollZ anS ISi 

comni/t! y „ I P Blteriala "company the software. -Teachers want 

hSook "S!?fV: r. JU5t ! dl3C * ^ ey Wnt • teacher's manual, a student 
handbook, activity sheets, and other related -atari. la for classroom reading. *8 

eoU r.«f!r tri i l ! t t nS t0 the P robl « *« the lack of commercially available 
courseware which can be easily integrated into curricula or which is D .ok«eS 

"w^7ce°U U pTemenJ;i U ™ in * P^^rt\[lt^l^ 

aow price supplemental courseware for large volume markets (ma 

(e g te a acher a ) PaC t geS 

(e.g., teachers). Some have attempted- to repackage (with a teacher* a manual) 
n^n ^, C r rS ^ re ^ eSigned for the to** -arket and sell these supplement. 

curric'uirincl'uder 8 ^ to Militate courseware integration into 

• requirements for integrated couraeware/basal series in several major 

X ^ ave state - wide textbook adoptions (such aa California and 
Texas), that could have a significant impact on the nature of 
courseware developed and marketed by publishers; 

# ?" C a r 1 ea , Sed 1 pro ;?" on by atates of computer-managed instruction at the 

L * Whl ? h in turn could « f fect commercially available products 
and the opportunities for integration at the local district level; 

* 2? i 4 n ^ ua i° n ° f software »«lection, courseware curriculum integration, 
and individualized instruction as major components in pre-servlce and 
in-service teacher training programs; and 

• continued development of policies and guidelines for ensuring effective 
integration of courseware into curriculum. 

til Th^!". CV ^ tS Can bC eXp€cted fc0 occur ^ ^hool districts within 

ouhiAh e i^ 8 "* haVlng a Bajor iB, P act «P° n ^th schools and 

lltll, V*\ By I" 0 ' nowever ' there will be a small cadre of about 500 
Pff?,M er ; US "5 S w h001 distrlcts *« which courseware will be integrated 
olnlr scSols! 1 curricul «. Such schools will help provide leadership to 

c. H ome and Community Pressures 

Expanded use of computers in schools during the remainder of this decade 
will be greatly influenced by parents, parent groups, and the local community. 
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\ C ? PUtBr US ! in thc - " »c««red by software purchases - is 
Shout il n t e,M ^k' 1 !^ f tg- 'PProxiBately $7 Billion in 1981 to 

?hro£hoit thi ISLE?*?*?** 9 1989 ' US * 0f "*P ut «" continue 

throughout the decade to bring pressures toward expanded use of computers in 

^ k 1 /" If thC 8rOWth ln hOBe oooputer U8e ^tinues, there will 

han the S2iK,!r e,r r al ? eff ' Ct5 ^ PUbU ° and private On one 

SSiii ! f llty of Bic ™o»puters in the home provides opportunities for 

s*ucT LtVitiL^: ™ Uti r* ? ith Parents throug * i«P^ved P SoordinaUon o? 
frSStrate 1 L. h f" wrk "» d courseware selection. On the other hand. 
Imim 7 » P J entS With eo «P uters *T e increasingly likely to take their 
children out of public schools and edueSte the* in private schools or at home. 

5. ONE SCENARIO FOR THE FUTURE 

u*« „f° re " ar ! h Tirm nas oade "«y amicus projections related to the 

district Z V ed r U T Cati °x n . thrOU8h 1995 » H0WCVer » one lar * e urba " ^hool 
district, the Houston (Texas) Independent School District (HISD), one of the 

h^i^ Ut |! r " U i inB dlatricts in th « nation, has made such projections as 
l*Lu lt k I 2 °" y " r fc techn ?l°8y Plan. Many of the projections summarized 
below are based upon that plan. 50 

a B3 1 thC end of the decade » "ISO is projecting a decline in the ratio of 
students per microcomputer from its current level of approximately 50:1 to 
about 15:1 Approximately 250 local area networks (one per school) will have 
heen installed and connected to an average of 40 microcomputers per network 
The local area networks will increasingly be used for student access to data 

ViZHaj* ?ff? °" re " atively lo ' ' ost compact discs which will store several 
hundred million bytes of information. Inexpensive lo^al optical storage will 
replace high-cost telephone telecommunication access to existing large data 
bases such as Dialog, BRS, CompuServe, etc. In addition, they project that by 
1990, more than 300 interactive videodisc units will be In place within HISD. 
The videodisc will become a major enhancement for the microcomputers, providing 
even more powerful education capabilities. 

By 1993, HISD projects 30,000 microcomputers in service, with two-thirds 
being full-screen portable notebook microcomputers. In addition, they 
anticipate that approximately 50,u00 portable notebook computers will have been 
purchased individually by students or, for equity reasons, purchased by the 
S f< T„ U " by lnfl ividual students. Hence, within each school, a 
capability will exist for a computer connection, most likely through two-way 
cable networks, for each student. They also anticipate a need for significant 

iiVH^L i !L per / pheral e<?ui P Bent » sucn as fast . inexpensive laser printers, large 
screen displays to facilitate group learning experiences, and voice input 
systems. * 

By 1995, they anticipate extensive microcomputer use in administration and 
instructional management. Administrators will use computers for education 
planning and budgeting, scheduling, inventory control, and related 
administrative applications. Instructional management systems will allow the 
computer to reduce teachers* routinized activities and clerical chores (e.g., 
attendance, record keeping) and to provide opportunities for sophisticated 
instructional decision making. By this time, the Impact of artificial 
intelligence and expert systems will have been transferred to education and 
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will bo commercially available, fit relatively low costs, for use by school 
decision Bakers. Or it Bay be integrated into curriculum management systems 
-ed diagnostic/prescriptive functions associated with the learning process. 

To th<? extent the HISD projections are generalizible to schools 
nationally, several trends beooae dear. 

e Sophisticated computer-management systems will become widely used in 
education because: 

- they will be strongly encouraged (or mandated) by state-level 
r nicies snd adoption procedures! 

- massive teacher retraining efforts in the use of individualized 
instruction and instructional aanageaent will have occurred during 
&he late 1980s; 

- expert systeas technology will hsve been transferred from military 
and industrial training and decision asking into education; and 

- electronic learning publishers will finally Bake a serious 
investment in courseware development, building upon advancing 
technology to meet the needs of the schools. 

e The microcomputer, as we know it today, will change dramatically as it 
converges with other technologies (e.g., telecommunications, 
videodiscs) . 

e Other existing configurations will also change; for example, the local 
area computer network of today may become a more comprehensive, 
flexible, and lower cost network. The local school district may become 
the hub of an information utility to which students who own their own 
computer notebooks can connect while they are both in the school 
environment and at home. 

e The nature and extent of computer use will be largely driven by the 
availability of Quality software, which will increasingly include 
simulations, tutorials, discovery, and other modes of interaction 
heretofore yet to surface. 
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I". PERFORMANCE EFFECTS 



their i,, a. , P V l0r " tne • ff#ct » of computers en students, includina 
LformsM™ ° p " rfor " n " « d -ttitudes. It first presents background 
information on current school prsetlces. This Is followed by s review of the 

nstructlon^Mn^ "* t""" ' nd « '••"'—« of UpXr^cUS 
with p reject one of d . ^P"t^"«««' i"»tructlo» (CHI). The chapter ends 
student. ° f the eff " tS whieh co "t ,uter u " 1" "hod may h.v. on 

durlnr , U n M7i" t , 1 K 0n « ln thi * ch, « ,t "; .'thered from research conducted 

foc u ,in. . ^ 11 y w "* The pro -" ct h,s relled "ost heavily on 15 studies 
P effectiveness of CAI. It should be noted that most of these 

progrsV, C.,^ ♦ P 1r: ily UP ° n the u " of - i » ft --« ^ or "InicUut" 
Slth^lcr? B »J . * * *° .** lCh the " fiBdln »» »•» oe generalized to experiences 
Siff.r^.I. , PUte / S 18 une,rt » 10 - ^r several re.sons, there . a, be 
«st«7.^ *J? " er , f f r " n " «««ts between the larger »ainfr«e/-lnic"plt.r 
s'udTnt, l.„ OTal J er st .nd-.lone or networked microcomputers. Te.cherr.na 
en,"f 6 nl. " y • ,p#rl " c * • fester sense of control over their Larnina 
for EES'. *", USing st « nd - al '»'« computers because there is less potential 
Moreover ^ M ° UtSide elMentS te - g -' operators *» a malnframe^s^" 
Mst«. V. t t«»nical Problems sssooi.ted with interconnected 

whicn c,„ efoct^™* " d ° m " ne "' in terruptions i„ communle.tions) 

with the use of ,t,nH ^ of * ralim - For the " "«o»». the effects associated 
witn the use of stand-alone or network microcomputers hsve been Isolated. 

surrJ^VC r * Ct * k' computers 011 student performance and attitudes are 
IhZZ . f ?,Jl * I!™*"" ? f coaplex ls5uea Hhich rather complicate the study of 
years have stown ^t^H and d «" lo P» ent efforts conducted during the pssWew 
Elated to TJZ*1 ' t ^.: f ' ecU of computer-based Instruction on students are 
"rtwaVe -no *.£ ISl, * t " fcu ? es t0Har0 technology, the quality of educational 
i" sctoois I L«f raen *" tIon variables assooi.ted with adopting CAI and CHI 
to be hllin. f""° n " the « rowln * «">cational use of home computers appears 

taP " Ct Up0n ""Put"- u " * n schools. This chapte? presentTthe 

to "tuden? e? , : S t e , r ",? h rC . , l finding5 in the " re " ""tloned above, P in addition 
to student effects, with the provisos discussed above. 



A. CURRENT PRACTICES 



i',. lBdlo,t *° i" Chapter I, in the next few years more schools will have 

is o==urri C n r P a U t '7, V 11 ? 1 ' *° StUdentS - ThlS gro - th ln h « rt "" •cqulsiMon 

tLre wa , \ ,7« ** Sh0Wn in E,hlMt »*■»• »•*■••» W82 and 1983 

I ' ' "" " "5 percent Increase in the number of elementary schools using 

doubl^ T^."; « I S r: et ^' te at SChools usln * -icrocomputers more "nan 

d ev1l 1 1att.^o 2 nl .°nd h i9 g 8 3 ^ el " nd iner " Sed * " peroent " the " ni " ««"» 

1. USAGE PATTERNS 

contac^ti-f i! h 7 aVai } abil . it y of hardware is rapidly increasing, student 
contact time is increasing at a slower pace. The typical elementary school 
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EXHIBIT III-l 



Lsc of Microcomputers in Elementary and Secondary Schools 



Junior high 
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student spends only about 20 minutes per week on s coomut.r! th- f v ^„.i 

2 C \ early not ^ a shortage of computers. Even though 

• typical computer-using school has ten microcomputers, the typical 
microcomputer is used by students only two to three hour's per day, les^thaJ 
one-half the time school is in session. Moreover, about ona-Wth «r 
responding elementary schools report using their 

of t^\7^J°\ th \ 5 appare ; t lat * of i> that cnly a small percentage 
of the teachers in microcomputer-using schools are using the hardware Tn 

computers. 52 in other instances, computer use is restricted because hardware 

Sopui.tions Ur C I Md ,: ?r teg0rlCl1 fUHds tar « ated on otrtiiiSK 
populations. In schools where substantial numbers of teachers are involved 

with the schools' computers, their invclveaent is often limited to packaged 
learning games or drill-and-practice software. P gM 

.«« i ? 8e r er ! 1 i X ** rCCd that an °P tiaUB » 0 unt of time needs to be spent on 
£L tZ 1**? '°.r odUce • ^fitive effect on skills or knowledge ma£ere°? 

S^EaZESI ° VZ* 8 t UdCnt 5PendS ° n CAI may have a considerable effect 
11 received. Some experts believe that using the computer for 20 

outcomes.^ JP fc S ° brlCf " to Bake littlc ""Tence in learning 

«n *J?!*T r ? n ^ ?!' °J coa, P uters in P ubli ^ schools has not had a major impact 

has for tl* ntS , tiDe f B 301,001 iS Sp€nt - ^^nd-practice CAI intervention 
nas for the most part, been integrated into existing (elementary and junior 

?nfri.r!!f Z \ and S f ecial education Programs. Although computers are 
increasingly being used in gifted and talented programs, they are often used 

Iv«nT^r nt r aCtiV ^ iea Whieh ' for the noat P art » existed before the 
-llll * \ * °f COffl P utera - * number of years ago, many school districts 
created "computer literacy" courses which were conducted in laboratory-type 
configurations. Such formal computer literacy courses have begun to disappear 
as tool applications are increasingly being integrated into existing content 

2. GRADE LEVELS AND CONTENT AREAS 

Within local school districts, there are noticeable differences in 

C «! P "V r "*! °* SradC level " Sixt y- four Percent of the elementary schools use 
computers to teach computer literacy or computer science compared with 85 

D r4 r i°i e o a ° f J? € a f condary schools. on the other hand, the use of 
drill-and-practice CAI at the elementary level exceeds its use at the secondary 
IZII 7" 5 9 P^cent to 31 percent. Exhibit III-2 displays computer usage 
comparisons between elementary and secondary grade levels in other areas as 

Trends in the uses of microcomputers are emerging. Schools that have used 
microcomputers for several years report a decline in the use of microcomputers 
IhL \ Z^, d "P ractice aa a Percentage of total use. Among elementary schools 
tnat started using microcomputers before the 1981-82 school year, 21 percent 
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EXHIBIT III-2 

REPORTED USES OF MICROCOMPUTERS IN ELEMENTARY 
AND SECONDARY SCHOOLS: PERCENTAGES OF USE 



ELEMENTARY 




SOURCE: School Uses of Microcomputers, 1983. Center for Social 
Organization of Schools, The Johns Hopkins University 



Z11\a< 7 computer drill-.nd-pr.ctice than anticipated; 35 percent report 
ele«i„t.rv , X *"i lnstructie » thi. way. Having declined only .lightly at^he 
leSS^CMr? 1, c ~> uter Oill-.nd-practie. his dram.ticelly decreased at thi 
J^creaae ^kJ^V "a** 1 ** " f » le ^«»puter experience tend ^ 
fi . ^ "* for ttlchin « Pr Of r easing and -computer literacy" 
tnllTL* 8Ch00ls Whlch » 10 Jul * W81. had used microcomputer, for three lllrn 
yea tc T fr °" alB,08t 20 * to P t.l use in the f"at 

iMtre^i? ! "tortrtf 50 percent by the third year. Similarly, programming 

a™ # L£LZ^Z'i MM f *V" froa w in the first ye™ £ 

Ire h-.I? ™ . f t <* a \ U ; e 111 the th ^ d y««r.5& Although these findings 
* < inducted several year, ago, it continues to be true that 
I 8 , ln , »*cond.ry schools .re used primarily to teach ciputer 

scho'cJ uses of -1°/ tOCl <••«•• ™* Processing). Ele»nt.ry 

scnool uses of microcomputera, on the other hand, are less differentiated 

Sr2S2J°m U r#P ° rt 1,81151 their C08 W "ith .bout aine £££n1y 
rZ %Ti L Sill? "yP 0 !?' *° f^l— nt instruction, for enrichaentTind 
sever. ta^fT* 0 ? 1 ? 6 : ^V* change5 in use P-tterns are attributable to 
£esst,r£ /J (B> i nCre " td ■vailability of tool applications; (b) outside 
5 r,s f f°" P««"«nts and the business community to prepare youth for 
computer-related occupation^ and CO state and district mandate for a 

5K rixr prograooing - *- factors wui be discu ^ in 

r«n«ilLH* k 1 !.*^* 1 * • leoentary schools U5e computers most frequently in math, 
science ' aid ^ Bgu "««» rt « -J computer programming, social studies 
science, and art. Math use has ranked highest over the last three years, but 
use in reeding and language arts has increased. Secondary schools use their 
computers most frequently in computer science, followed by less frequent use in 
math, business subjects, and general science. >8 * 

3. EQUAL ACCESS 

ff „ n ./ i " dings fro ° ■ national survey of recent studies suggest that schools, in 
general, are not making the best use of computers to provide learning 

I' 811 ° f their 8tuder *s. G^ls and minority students are not 
enrolled in computer programming couraes on an equal basis with white males. A 
atudy of more than 40.000 Connecticut high school students (conducted se^ral 
H a [? ago) w co , ncluded that the numbers of female and minority students enrolled 
11 VtS < A coop " ter Programming courses are disproportionately low compared 
StST L < t ?chool-age population. ThV inequity seems to^ave 

»t«ri«f^i «t ^i/' b w Ut With P^ohologicl barriers and subtle forms of 
»^h!!^f ? - K^!/ tudiM haV * found that 8lrls nave le « confidence in their 
rllulrll 1 ! l it M ™ d often incorrectly assume that computer programming 
requires a math background. 59 6 

More recent studies do not support these findings of inequity. A 
University of Virginia study, examining the effects of age. gender, end 
computer "perience on attitudes of high school students, found that gender was 
l! ! , h" / ralatcd *° stuaent attitudes toward computers .^0 A North 
Carolina study of elementary students concluded that race and gender affected 
student interest in computers only minimally. Student interest was related 
more |o grade level, with older students reacting more positively than younger 

Of] v3 i 
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HOME COMPUTER USE 



•^^SZ^ifir^J***"* « «•»«*• to us. computer, to 
eduction of their ohUdrtn Lout m JT 1 "! ? y p,r,nts to «» 
home computer, .r. i" „ 0 J,.told. ith'tSS? Sp"" " ore fch «" •»« million 
computer in the home 1, pmidlt^jSI? •M»r«n.« Edueation.l use of the 
Host owners IdenUfy WS^TTIli!? !°" °"»° n "tert.ln.ent us... 
•bout the quality of th« T ilAtL^h!?! ^JTT - ■° St "V*** use. Cone.™ 
prompted ihe growth of 2211.. r,0,lw iB 1**"° schools hss 

distrust in thf sohools- J?"!*""" <»"P>»ter market; p.rents- g.n.r.l 

world was given £ a Srtvl^fe"' 'fV^'^Tw ""i"™ f0r ' " Mlh t « oh " 
to supplement their e£i J.Lt. L » f " ulM •*» u " the home computer 
Among 7„ii e i n e , buying nom. c« B uS«'^r B J'. r I? 1 "? th * SCn001 •"«'.«th.r.« 
they did so to get . heU ™ „1. educ.tlon.l purposes, 6« percent ..id 

.dditlon.l courts th.? £7 not T.o'.M^T' V 0 ," 001 ' 3 " per " nt for 
remediation for chlldron'^ ,o:dVle%\m^ t \ n . s ^°^ • nd 31 »~ » 

opportunity Th. LiJo! ..u .. ' lB f,ct > »v»iling themselves of this 

knoVeVgeaMe aboSt il ™i"n. Z'T"^ * " n " tl0Ml '"""V •« ™t very 

with it . 41 thou. h 50 il °," A" the "ome .nd h.v. no pin. for dealing 

reported that «S I ' ° th * ""oola that responded to the survey 

famine, th a t a ? a °\ „^f " ,v,11,ble for u " «'ter school hour, to 

specif" eoucationJJ nrX^T^"' '"l p,rc,nt of the districts had 

school. Jn rtdiW^ Thf h,t . 0CB ~ et,d e«P«t.rs at home with those st 

dlrected efforts toward mSw^^Im Sch ; ola - however, typically have not 
percent response ^liZlTZlZlT/^ 10 '' " » M 

i ^ =omeTou^s PUt mho 0 u E h d th'l C ;V/ , V" ™ -nd lower 

differen[ " "though the Feder.l, st.tc, and local education agencies have 

B * EFFECTS OF C OMPUTER-BASED EDUCATION ON STUDEMTS 
^'oTs^ 

Z 1 W r b V«rr P n U . te i r „ S m;„d:* etU,Uy " elni ln MhO0lS - Th « P°^ts 

* . t , h !, "A • ff eetlveness studies reviewed for this prelect 
statistically significant findings of positive effect, on stuoeni 
™ T"k "'J". P re " nt »» Project, which expo," student, "o 
computer-based instruction for at least ten minutes per dsy. At this 
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tint, there is no evidence to indicate that schools are providing 
sufficient exposure to computer-based instruction to sake a difference 
in the performance of all students. 

e In CAI effectiveness studies, the microcomputer was usually used for 
drill-and-practice at both elementary and secondary levels. Very 
little research has assessed whether computer-based instruction has had 
a differential impact upon students when it is used for different 
purposes (e.g., tutorial, simulation). 

e Most of the studies reviewed have focused on gross comparisons between 
"traditional" instruction and computerized instruction. Traditional 
instruction in most cases was defined as one teacher lecturing to a 
large group, typically 20 to 30 students. Other methods of 
instruction, such as team teaching, peer tutoring, open classroom, etc. 
were not compared with computer-based instruction in these studies. 

The body of CAI effectiveness literature has received criticism for 
several reasons. First, it tends to be unsystematic. Many studies were 
developed to evaluate a particular computer-based course in a specific setting 
with a limited audience. Furthermore, the various studies do not build upon 
one another and consist of many different CAI programs, evaluation designs, 
arrangements, and outcome measures. In particular, a research gap exists in 
studies investigating student characteristics (such as sex, race) and 
effectiveness of CAI. In addition, there is a lack of studies that 
systematically examine if and how the role of the teacher is affected when CAI 
is used for instruction. 

The majority of the CAI effectiveness studies reviewed have other 
characteristics that may limit their correlations. Most of these 
investigations addressed mainframe or minicomputer systems; only a few studies 
involved delivery of computer-based instruction by microcomputer. Yet, it is 
the microcomputer that schools are purchasing. Finally, the content areas 
chosen for study in most of this literature were math, science, reading, and 
language instruction. Despite these limitations, results from CAI evaluations 
conducted over the past ten years have shown statistically positive effects in 
well-implemented programs. 

1. COST/ TIME SAVINGS 

When compared to traditional instructional approaches, CAI has been found 
to reduce, by between ten an 30 percent, the amount oi* time needed for the 
average student to master similar objectives. As early as 1968, computers were 
linked with time and cost savings in education and training with the military 
and for students in secondary and post-secondary education. For example, in a 
study comparing CAI in electronics training for military personnel and a 
similar type of CAI in secondary education, the ten percent reduction in 
student time spent in training increased the rates of return on training 
investment, thus justifying the conversion to CAI of the existing electronic 
training courses. A study of computer-based training conducted in the military 
services indicated that the major benefit of CAI, compared to conventional 
instruction, is that it saves student time without loss of student 
achievement. 6 ' * 68 
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Several studies conducted at the post-secondary level suggest that 
students using CAI take less time to learn as much or sore as do students under 
traditional instruction. In one study, medical science students using CAI 
completed one semester of material in one-third to one-half the tine of non-CAI 
students. The same study measured retention of concepts taught via computer 
and found 9 26 weeks later, that CAI students showed greater retention than 
students who received traditional instruction. °9 other investigations with 
college students showed statistically significant differences favoring computer 
instruction (3.5 hours of instructional time per week for conventional classes 
versus 2.25 hours for computer-based instruction) . 7° 

Findings from investigations at both the elementary and secondary levels 
reach similar conclusions. Younger students also appear to complete material 
faster on computers than off — occasionally as much as 40 percent faster. 
Studies conducted with secondary students revealed savings in time for student 
learning of as much as 88 percent. 71 

Whether these findings can be attributed solely to the use of CAI as a 
medium of instruction or to better formated and presented instructional 
content f however, is a matter of conjecture. Moreover, when CAI is compared to 
other effective teaching strategies (e.g., tutoring) , the relative 
effectiveness of CAI is diminished. 72 

If no other positive effects were indicated with computer-based 
instruction, it appears that reduced learning time would make CAI 
cost-effective for public education. Although cost-benefit analyses are not 
common in the literature, one such analysis concluded that the costs of * 
computer-based instruction were equivalent to the benefits that might accrue 
from equal amounts of tutoring. 73 The benefit of reduced costs for schools, 
however, can only be realized if instruction is individualized in such a way 
that students are allowed to progress through material at their own pace. Thus 
students can accelerate their learning rather than follow inflexible curricular 
time constraints. 

While studies have compared the amount of time it takes to master a 
particular skill using a computer versus conventional instruction, they have 
not suggested an appropriate amount of time that students should spend on 
computer-based learning activities. More research is needed in the assessment 
of how much time using CAI is necessary for student performance to show 
significant positive results* Two studies, to date, have addressed time on CAI 
tasks and have concluded that, in the right settings using appropriate 
software f ten to 20 minutes per day of exposure to CAI produces significantly 
higher test scores than non-CAI experiences. 7^» 75 

2. ACHIEVEMENT AND ATTITUDES 

Po&itive effects of CAI have been found in other more pervasive areas than 
merely time savings. Students 9 achievement, attitudes 9 and social relations 
have been positively affected by computer-based instruction. In separate 
reviews of CAI effectiveness literature, similar conclusions were reached 
concerning the effects of CAI on performance and attitudes. It must be kept in 
mind that these studies measured outcomes only in specific ways (e.g., scores 
on standardized achievement tests and self-reported attitude scales). In 
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■dditioT, for the most part they used drill-and-practice software with 
M-dlnVl * a* SUb , jeCt Cpri-rily foreign language, „ tn , and ™ 

• CAI provides students with individualized instruction which they often 
rail to receive in t large classroom setting; 

• J;* 1 * s V * east effective as traditional instruction in 55 percent 
or the studies and more effective in 45 percent; 

• the subject areas where CAI is most effective are: science and foreign 
language, mathematics, and reading/ language arts; 

• CAI appears effective when aimed at specific student body groups (e.g., 
high- or low-achieving students); however, lower achieving students 
require a longer period of time with CAI than do average or 
above-average students; 

• when CAI is fully integrated into the curriculum, it is more effective; 

• Positive effects increase when the proper setting and scheduling are 
established (i.e., flexible scheduling, effective teacher training, 
principal support, individualized pacing); and 

• student attitudes toward CAI and familiarity with it have a substantial 
effect on CAI's usefulness. 

Positive achievement effects have been identified for students in 
elementary and secondary schools. Most impressive is the finding that CAI 
seems most effective for student achievement at the elementary level. 
Sixty-eight percent of the students from CAI classes outperformed the median 
student from the control classs on standardized achievement tests. Achievement 
results analyzed from approximately 30 studies conducted at the secondary level 
revealed that students from CAI classes performed at the 63rd percentile, 
compared to students not using CAI who performed at the 50th percentile on the 
same measures. I ° 

Major evaluations were made of four large-scale projects using 
computer-based instructions (a) the TICCIT project; (b) the PLATO 

r C ^ S A ra "° n| L Cc) the UUSD Dr °J« ct ; Cd) IBM's Writing to Read project. 

Exhibit III-3 depicts these projects in terms of student age, numbers of 
students involved, hardware used, and outcomes studied. 

(T.rn??Ts h * Ti ' ne - Shared Interactive Computer Controlled Information Television 
(TICCIT) project, community college students were taught mathematics and 
English using CAI. Achievement results indicated a ten percent improvement 
over conventional lecture sections for math and five percent for English. 
Attitudes toward subject matter were also affected positively. 

Community colleges and elementary grades were the targets of the 
Programmed Logic for Automated Teaching Operations (PLATO) demonstration. For 
the community college sample, a series of analyses yielded significant positive 
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EXHIBIT III-3 



COMPARISON OF FOUR LARGE-SCALE 
CAI EFFECTIVENESS STUDIES 





STUDENT 
AGE 
LEVEL 


NUMBERS 

OF 
STUDENTS 
INVOLVED 


HARDWARE 


OUTCOMES 1 
STUDIED 1 


TICCIT 


COMMUNITY 
COLLEGE 


5,000 


MAINFRAME 


• RATES OF 1 
COURSE COMPLETION 1 

• ACHIEVEMENT 1 

• ATTITUDES 1 

• STUDENT I 
ACTIVTTIES 1 


PLATO 


COMMUNITY ■ 
COLLEGE 

ELEMENTARY 


• 

** , UUU 

1,000 


MAINFRAME 


• ACHIEVEMENT 1 

• ATTITUDES | 


A 

LAUSD 


ELEMENTARY 
STUDENTS IN 
COMPENSATORY 
EDUCATION 


APPROX. 
3,000 


MINICOMPUTER 


• ACHIEVEMENT 1 

• ACHIEVEMENT OVER I 
PERIOD OF TIME 1 


IBM 

WRITING 
TO READ 


PRIMARY 
(KINDERGARTEN, 
GRADE" ONE 5 


10,000 


MICROCOMPUTER 


• ACHIEVEMENT 1 

• ATTITUDES 1 

- STUDENTS I 

- TEACHERS 1 

- PARENTS 1 
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differences between PLATO and control classes in course completion. Positive 
th, ZT<T\ ■PPe«r«f in mathematics, chemistry, and biology. Further, 

the attituL^n 8 ? T f * vor ^ U ***** ot the PLATO demonstration on 

* * . , ! ! f b ? th atudenta and instructors. The PLATO demonstration 
? " D U ° e a d it ' „ ^"tary level involved 300 students in mathematics and 

significant positive effects were found at all grade levels (i.e., 5, 6) 

l*llLr* TT *l\\S!t re " r "i e8t f or topics «>Ph"i«d by both PLATO and the 
teacher. Attitudes toward subject matter tended to be more positive in the 
PLATO group than in the group that received conventional instruction. 
EngYiVh 568 attitud " toward abject matter were greater for math than for 

The third study evaluated by ETS was a four-year longitudinal study of 
elementary students involved in compensatory education — Title I classes — in 
the Los Angeles Unified School District (LAUSD). Computer labs for the study 
were equipped with terminals controlled by a minicomputer. CAI was provided by 
drill-and-practice software in math and in reading and language arts. Findings 
°' the . 9tud y included positive effects of CAI in achievement and 

attitudes. In math, with exposure times averaging ten minutes a day. CAI 
S <*k anowed significant positive effects in computational skills compared 
with control students. With 20 minutes per day, computational skills were 
doubled. Additionally, longitudinal data revealed continued and increasing 
gains in computational skills. In the reading and language arts areas, smaller 
but consistently positive results were obtained. A major fir ding of the LAUSD 
study involved effects on attitudes. Attitudes toward reading and feelings of 
internal responsibility for success were significantly higher among students 
who received CAI than among students who did not. The conditions under 'which 
the CAI was implemented in the LAUSD study are associated with successful 
practices identified in other instructional effectiveness studies (i.e., not of 
computer-based learning). These conditions include; 79 

• mastery learning; 

• high academic learning time with a high probability of success in 
responding; 

• direct instruction; 

• adaptability and consistency of Instruction; 

• an orderly atmosphere with expectation of success in basic skills; and 

• use of drill with equal opportunity for responses from all students. 

The last study evaluated was an evaluation covering more than 10,000 
kindergarten and first grade students in 21 sites in the first year. In the 
second year, the study concentrated on a core sample uf 3,210 students using 
IBM's Writing to Read program with microcomputers and 2,379 comparison students 
in classes not using the program. 80 . 51 Results of the study indicated that: 

• For writing achievement, in 29 of 33 Writing to Read schools, the 
program had a positive impact on writing skills. 
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' ». r itl» d i» " hieveB f ( nt > 22 of * to Read schools showed . 

positive impact on reading. 

# VLly! mn P ercent * or * parents reported greater progress in their 
children as compared to parents of the non-Writing to Read groups. 

In general, it appears that well-implemented CAI programs consistentlv 

rnd/or C D rL a i iSti r lly 4 Si8nifl0ant *£ TLt" groujj 
diiJ^J i ; « X " rnin « of students (implementation variables are 

discussed later in this chapter). 

3. COMPUTER-MANAGED INSTRUCTION 

been ^tl^'ll*** i "i ruction (CMI > >"d its impact on students has also 
been studied. When student performance is compared to cost, there are 

i1s Va u S e g 82 % C "L°™ I "J beCause le " h8rd * are « d software are required for 
«vin g rL staff «»e . M . iS iH SPeCU1 «Htar«t« to significant 

JS!«7 \t\ ? * ccrue and P«P cr work is reduced. For example, one study 

found that use of the Modularized Student Management System (software for 
managing special education) reduced, the average amount of 'time Sbv 
teacher in updating Federally-required individualized education pfogra?s( I EPs) 
from 70 minutes to 12 minutes per student. & Another study reported relative 
time savings of about 50 percent when comparing computer versus 
noncomputer-based IEP development.^ 8 computer versus 

reflet* 0 / the ^HS* P° sitiVe effects of computer-assisted instruction 
reflect the use of CMI systems. Indeed, nany of the CAI studies reported 

liTi* « Were J ,Uppl , en,ented by such CMI applications as student progress 
monitoring. When elementary-aged student achievement measures (as opposed to 
time savings for teachers) are the outcomes being measured, CMI does not have 
as great an impact as CAI. In f-,ur studies of elementary children that 
compared student outcomes of two groups — one using CAI and the other using 
t?< ~~r* f< ac hievement effects of CAI were more positive than those of CMI. 

fUiurii f urpr l sin « becau * e CMI ia designed to exploit different 
features of the computer than CAI. It keeps records on student progress and 
often assists in diagnostic testing and screening functions. A form of 
individualized instruction, CMI (when used directly with students) allows 
v! arnJr !,,!? pac f thenselves » work independently, and make their own choices. 
Young children in the elementary grades may not have developed the skills and 
motivation for these requirements. Computer-managed instruction has had the 
greatest impact at the higher grade levels, such as in secondary and 
post-secondary settings. 50 3 

C - EFFECTS OF COMPUTER-BASED EDUCATION ON TEACHERS 

< 14 Te f? herS ' attitudes toward computer-based instruction and management have 
implications not only for how computer-based instruction will affect students 
but also how teachers could influence the design and development of programs by 
the software publishing industry. Only a few limited investigations, to date, 
have addressed this topic. 
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In one 1982-83 survey, microcomputer-using teachers indicated a belief 
that the greatest impact of microcomputers on students has been social. 
Obtaining a fair response rate (68 percent), researchers found that 30 percent 
of the responding teachers believe that computers have led to increased student 
enthusiasm for schooling* Only 18 percent felt that students worked more 
independently, without assistance from teachers (probably because the available 
software was not designed for independent student use). Twenty-four percent of 
the surveyed teachers (elementary and secondary) believed that above-average 
students have learned more than average or below-average students. 8 ? This view 
is different from earlier investigations that concluded CAI was more effective 
with low-achieving students possibly because, in part, of the type of 
computer-bassd instruction used in these schools; since computer programming 
was emphasi, <!d, as opposed to drlll-ani-practlce, higher functioning students 
would naturally perform better than students functioning below grade level. 

!eachera , attitudes tov -d the use of computers with low-achieving 
students were found to be positive when implementation efforts occurred in an 
organized manner. Although some school staff were initially intimidated by the 
presence of new computer equipment in classrooms, their attitudes became more 
positive with time. The initial appearance of the microcomputer was viewed as 
an inconvenience — a disruption of the flow of daily activities. But, by the 
end of the first year, most teachers were convinced of the value of CAI and 
supported it fully. In fact, in 1982, two years after government support for 
the project ended, the Los Angeles Unified School District continued operating 
its CAI program. 88 

In the 1982-83 school year, 82 percent of the teachers in a national 
survey felt that computers could help teachers be more effective. The majority 
cf respondents also strongly agreed with statements suggesting that principals 
and teachers need help in planning for the demands brought about by computer 
technology, °9 

A m~re recent national survey, conducted with 5,000 teachers and 1,000 
administrators, revealed that approximately 85 percent of the respondents 
displayed a generally positive attitude toward micro computers. One must 
exercise caution, however, as these results were based on a response rate of 
only 2t percent. This study asked teachers and administrators whether they 
prefer newer computer technology to more traditional materials. The proportion 
of teachers who were "happy" to see new technologies enter the classroom grew 
from 74 persent in 1982 to 80 percent in 1983 to 86 percent in 1984. When 
teachers were asked to make a choice between the microcomputer and more 
familiar modes, their attitudes seem less favorable toward computers; 43 
percent in 1983 »nd 48 percent in 1984 would choose a microcomputer over 
supplementary materials'. Furthermore, when teachers were asked if they would 
rather have a microcomputer than new textbooks, responses indicated that very 
few teachers would make this choice (29 percent in 1983 and 29 percent in 
1984). The results from this survey have implications for compute** and related 
expenditures in public schools. 90 Questions must be asked about school 
expenditure trade-offs. First, if money is being us* J for acquiring new 
computer technology, is it coming from supplementary materials and textbook 
funds? Second, are these trade-offs reasonable in light of what we know about 
the effectiveness of CAI/CMI and teacher attitudes? Finally, how are policy 
makers, who are reacting to increased outside pressures to put computers in 
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Teachers and administrators view computers in a positive light when 

^tTi.r a " b "w^?/ nin8 < P,Ck "?r trB int ^r.ted with ?egul.r curricS« 
I m !« we : ging evidence that educators* attitudes are moving in 

D - IMPLEMENTATION VARIABLES 

instruUini^ cu f rent r€se * rch fadings indicate that computer-based 
course!*^ 1 1!*" i nCr ? S l 8tUd * nt • ehi « v ««* in certain areas when quality 
e^ctiv/Lnn "I* a i d , Wh t\5 he pro * rans «*« P*™* implemented in an 
not - !rA "T y SCh ° 01 8taff - «^ings in studies which report that CAI is 
" effe ! tivc as conventional instruction usually also report that the 
™nditV° nS for " ffec " v * indentation were inadequate. 92 " Ano „g s ^ 
conditions are the quality of the software and organizational factors. 

1. QUALITY OF SOFTWARE 

The use of quality software is a necessary condition for improving student 
performance; however, by itself it is not sufficient. Summarized below are the 
characteristics of successful quality software which have been ldentlfed by 
researchers and successful computer-using teacher a. 93, 9h Such softwape nust / 

• allow for easy operation; 

• be accompanied by clear documentation; 

" provide opportunities for atudents to control the learning process; 

• provide interaction, feedback, and often rewards; 

• allow students and/or teachers to establish goals and provide 
self-evaluation; 

• allow diagnosis of conceptual difficulties with materials and 

prescriptive branching; 

• color ^etc 1 - r8n8C ° f hardware capabilities such as graphics, sound and 

• include important concepts, if curricular in nature, as well as facts 
related to subject natter; 

• allow for easy integration, if supplemental, into curriculum; and 

• include, at a minimum, student record keeping capabilities, if 
curricular in nature, and monitor student progress. 
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2. ORGANIZATIONAL FACTORS 



An additional element is increasingly being correlated with positive 
student outcomes and positive teacher attitudes when using computer-based 
instruction. This element includes the organizational conditions under which 
CAI is implemented . pie conditions associated with successful use of CAI are 
summarized below. 95» 9&t 97* 9o t 99 

a School/Classroom Environment: 

- flexible scheduling of students and individual student self-pacing; 

- targeted us* with specific populations (e.g., handicapped, gifted, 
slow learners); 

- opportunities for integrated use of hardware and software in a 
classroom setting 9 rather than a laboratory-type setting; 

- active support of computer use by the principal, who also perceived 
his/her role as instructional rather than administrative; 

• Decision Making: 

- selection of specific courseware and 9 to a lesser extent, hardware 
in a participatory* process involving key individuals (teachers) in 
the implementation process; 

- decentralized and flexible decision making during implementation, 
especially at the classroom level; 

• Training: 

- teachar training in the use of specific courseware packages and/or 
applications prior to actual use in the classroom; 

- for CMI programs, teacher training in the functions related to 
instructional management and individualized instruction; 

- timely in-service training and follow-up support for instructional 
staff; 

- training provided by persons who are or have been in similar 
teaching situations. 

As more CAI research is conducted and findings disseminated, it is likely 
that future courseware capable of being customized for local school districts 1 
curricula will include comprehensive plans for implementing such systems. 

E. PROJECTED EFFECTS 

It can be anticipated that, in the next few years, the use of computers 

will have a number of important effects on the performance of students. 

Specifically affected will be student achievement, attitudes p and time-use 
patterns * 
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Policy makers, educators, and developers are beginning to ask why computer 
technology appears to enhance learning in students. Future effectiveness 
research will more stringently question student performance increases and what 
phenomena foster positive attitudes in students. As researchers and developers 
become less seduced by the hardware itself, it is likely that other variables 
known to have an impact on learning will emerge as vital to the success of 
computer-based instruction. 

1. ACHIEVEMENT 

In the last third of the decade, the relative effectiveness of 
computer-assisted instruction will increase dramatically in well- implemented 
instructional intervention with specific populations. The research on which 
these findings are based, however, will be questioned for a number of reasons: 

• The quality and comprehensiveness of evaluations will be less than 
desirable. The level of funding required will npt be available within 
the budgets of local school systems. 

• As a result of the increasing prevalence of microcomputers in schools 
and in homes, it will be increasingly difficult to compare, for example 
computer-assisted instruction with "conventional methods". Many of 
these conventional methods will be contaminated from a research 
perspective because it will be difficult to control access to computers 
either in school or at home. 

The notion of using national standardized achievement tests as a measure of 
student performance will be questioned. National and state tests which measure 
acquisition of facts and memory skills of students will be considered 
increasingly irrelevant in light of the new knowledge acquisition processes 
made available through microcomputer and telecommunication technology. 
Software that provides practice for taking standardized achievement tests will 
clearly demonstrate its effectiveness in increasing student scores on national 
tests used for high school graduation and/or college admission. As 
sophisticated courseware simulations, particularly at the secondary level, 
become available during the last third of the decade, students, parents, 
teachers, and administrators will realize the opportunities technology provides 
for performance-based measures of student mastery of concepts, critical 
thinking skills, etc. By the end of the decade, measures of student 
performance will become performance- or skill-based, using the computer to 
assess skill mastery. 

2. ATTITUDES 

Virtually all studies have found positive student attitudes related to 
computer-based programs. To the extent that the novelty of the computer 
contributes to these positive student attitudes, such attitudes will 
deteriorate ->\er the next few years as the novelty effect wears off. Student 
attitudes toward computer-assisted instruction in the long run will be a 
function of the quality and type of software that is available in schools. 
Indeed, attitudes toward school-based CAI among students, who have access at 
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home to sort varied end higher quality software, may deteriorate for at least 
two years, until higher quality software becomes accessible and affordable to 
Softools. 

3- TIME-USE PATTERNS 

Assuming that schools continue to acquire hardware at the current rate, by 
the end of the decade the ratio of microcomputers to students will be as high 
as one computer for approximately 20 students. This estimate is based upon an 
assumption that market saturation will occur at the elementary level with 
approximately 25 microcomputers per school and at the secondary level with 
approximately 30 microcomputers per school. The length of time a typical 
!: e " nt ! ry stud#nt use3 the "iorocomputer will Increase from approximately 
20-25 ^minutes to 50-75 minutes per week. At the secondary level, courses 
involving computer use will Increase the length of time computers are used each 
flay to as much as three hours. More extensive use at the secondary level will 
be attributed to; (a) the availability of sophisticated simulation courseware 
wnich can be used in social studies, business, and science courses; (b) the 
increasing use of tool applications and education-related data bases through 
low-cost telecommunication networks; and (c) more intensive computer use by 
computer-using students. By the end of the decade, the ratio of microcomputers 
to students will become less meaningful, as the computer itself will become 
relatively transparent in telecommunication and videodisc configurations and as 
students have greater computer access in other environments. 

During the next three years, student time patterns in the schools will be 
affected, not so much by the increased use of computers as by state-level 
policy and reforms. A large number of states have expanded credit-hour 
requirements in math and science as a prerequisite for graduation. In some 
states, these increased requirements will be achieved by lengthening the school 
year or school day. In most states, however, these new requirements will be at 
the expense of other course areas (e.g., vocational education) or electives. 
For a variety of reasons, including the lack of subject matter specialists 
(e.g., science and math teachers), the microcomputer will be viewed as an 
integral part of some curricula, especially at the secondary level, as new 
simulations and other courseware become available. 

By the en d of the decade, the nature of the equity problem will be more 
qualitative (e.g., the types of courseware available to certain groups) than 
quantitative (e.g., numbers of students with access to computers). Although 
the numbers of students using computers will give the appearance of "equal 
access time", a more subtle form of inequity may exist with computer technology 
and applications highlighting unequal treatment of students. Examples of such 
imbalances are: (a) limiting slower students to using only drill-and-practice 
software an* not exposing them to more sophisticated learning activities; and 
(b) the low proportion of cultural minorities and limited English proficient 
(LEP) children who use computers for learning activities. 

By the end of the decade, student time usage patterns will be considerably 
different from those currently observed in schools. The distinction between 
formal education and informal learning will become blurred as students will 
increasingly have access to computers both during school hours and after 
school. In addition, through information utilities, software subscription 
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services, and telecommunication networks, students will have access to a far 
greater range of software at low*, costs. Moreover, graduation requirements 
will become increasingly mastery-Used and students will have opportunities to 
take a larger number of electives for a variety of purposes, including* (a) 
preparation for advanced placement testing; (b) part-time or full-time 
employment opportunities; and (c) entertainment or recreation. The growing 
accumulation of knowledge, the low cost of information storage, and the ease by 
which information can be accessed will force schools to provide more 
individualized, self-paced instruction and a wider range of offerings. 

IMPACT ON TEACHERS 

Teacher attitudes toward computers will become more positive in the next 
three years as; (a) the installed base of microcomputers in schools increases 
and more teachers are exposed to them; (b) their expertise in evaluating 
courseware and integrating courseware into their curricula increases; (c) 
high-quality simulations and other courseware (which can easily be integrated 
into curricula) become available to them; and (d) they are involved in the 
planning stages of the implementation of computer-based instruction. Many 
teachers will continue to view CAI drill-and-practice as a means to reduce 
boring, repetitous teaching and as a babysitter for disruptive students or slow 
learners. Increasingly, however, teachers and administrators will view the 
microcomputer as a job a^d to assist them in managing individualized 
instruction and to reduce time devoted to routinized activities and paper work. 

Implementation of CMI systems must be preceded by extensive and in-depth 
training of all instructional staff, principals, and key administrators, 
particularly in the area of individualized instruction. Over the next three 
years, one might reasonably expect heightened interest in CMI systems as: (a) 
school staff see CMI as a means to assist in integrating appropriate 
supplemental courseware into existing curriculum; (b) state departments of 
education take a greater leadership role in attempting to ensure effective use 
of technology at the local level; and (c) more and more high quality 
comprehensive CMI and curriculum management packages become commercially 
available, often as a result of state-wide software adoptions. 

During the early 1980s, the computer- buff teacher played a pivotal role by 
influencing building administrators to purchase computers. Mcc recently, 
however, such decisions have more frequently been made by formal and informal 
committees at both the district and school building levels. While hardware 
decisions are gravitating toward the district level, many software decisions 
still remain at the building level, with teachers and principals having 
considerable influence over selection decisions. In the next three years, 
state- or district-level policy decisions related to technology use will have 
varying impacts upon teachers' perceptions of decision making ana control. As 
education utility concepts are implemented and as the technology, memory 
capacity, and other technological features of these utilities improve, 
courseware options will increase dramatically to such an extent that teachers 
and principals will be increasingly forced into a decision-making role with the 
effect of major role changes for teachers. 

If effective implementation of computer-based education is to occur, the 
general perception of the teacher's role will have to change from that of a 
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deliverer of Instruction to one of a manager of the learning process. During 
the remainder of the decade, as a result of state or district policy, 
technology will be viewed as an element of staff productivity. It will be 
increasingly used to measure and evaluate staff performance as a basis for 
career ladder schemes (including merit or incentive pay) presently being 
planned or implemented in approximately 25 states. Concurrent with this role 
change will be increased staff differentiation with specialized roles for 
aides, '•media planners", and new positions which will emerge. 
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IV « COMPUTER LITERACY AND POST-SECONDARY EDUCATION 



This chapter consists of an assessment of the importance of young peoples* 
computer use in school to their prospects for post-secondary education. It 
reviews the ways in which "computer literacy" is viewed in the context of 
computers in education. It then reviews the impact of computers on 
post-secondary education institutions and discusses computer literacy 
requirements for college entrance. v*r. cy 

Few surveys have been conducted with representatives from either business 
and industry or post-secondary education and training institutions, 
information for the study has been gathered from: conversations with 
occupational analysts; reports from panels; dialogues among educators and 
business leaders; and discussions with representatives of the Association of 
societies for Training and Development. These conversations point to a 
critical need for research on how different occupations are defining computer 
literacy. Furthermore, aggregated information must be collected from colleges 
and universities to assess more accurately what skills constitute computer 
literacy and whether computer literacy will, in fact, become an overall 
admissions requirement. 

A. COMPUTER LITERACY 

Both the concept and definition of computer literacy have changed 
dramatically during the last ' eight years and can be expected to continue to 
change over the next decade. Moreover, the concept of "computer" literacy will 
be replaced by "technology" literacy as the distinctions among computers, 
telecommunications, and other information technologies blur. The factors 
responsible for the changing nature of the concept include the following: 

• advances in hardware technology; 

• improvements in software, which expand their range of applications and 
their ease of use; 

• maturation of school staff and students in the use of computers; 

• the osmotic effect of the increasing proliferation of microcomputers in 
business, homes, and society generally; and 

• policy initiatives undertaken by state education agencies i.j the area 
of accreditation and suggested/mandated competencies for students as 
graduation prerequisites. 

1. IN THE BEGINNING 

During the late 1970s, most decisions to use microcomputers in schools 
were made by computer-buff teachers — usually in the math or science area — 
and, to the extent these teachers i jed a computer as an object of instruction, 
the "computer literacy" course was usually idiosyncratic to each teacher's 
concept of computer literacy. In 1977, fewer than ten school districts had 
formal computer literacy courses with guidelines and objectives organized in a 
structured curriculum. 
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d.vrtnn ' 98 °* ,n in ""*l<* "«b«r of school districts began to 

l.»tl. P - r t "„ M "TV. 1 " lit,r «y- .".rally .t the Junior snd senior high 

guidelines for . .* t Vl^,": In 1980> ° M st,te <*»»e«ota> had written 
guidelines for a suggested (not undated) course on eoaouter literacy Tt u .« 

crUiLl need l^'J!^? ^ in ^ of *" thur Luehrmann, argued the 

critical need for teaching programming as part of computer literacy In the 

MtT J ' J V? COB, P uter lit.r.te". This school argued that computer 
literacy should be taught in laboratory-type situations and should include 
conMdTed" 8 ; t™? ?* 01 ° f ^^ 100 *rgu.6 that co»puteTs should be 

ITrlitZ ? < ^ " nd , that Students need onlv b « able to use the tool to work 

Ir ^rMtt^J^^^ " 8e - Given the vlgor of the debate and the 

school J! ?m "r 3e TV 1 survev w " ^ducted in 1982 of computer-using 
^ & id «^ify what topics could loosely be categorized as computed 
literacy.-""- The results of this survey, summarized in Exhibit IV-1. indicate 

L h ur S Tfo^ - in0lUded SpCCifiC ***** in —r ItS 

aHHp Be 8jnning in late 1982 and throughout 1983, a number of states began to 
address the concept of computer literacy from a policy perspective and began to 
stanlTard, imp l eraentation ** computer literacy courses through guidelines, 

wLrf a !' graduation requirements. Generally speaking, in those states 

where governors and legislatures were attempting to tie computer literacy to 
the development of -high' tech- centers, computer literacy was more 
programming-based than in other states. In these P rogrammin&-oriented computer 
i e nfcL Pr ° gra,BSi L0G ° WSS the lan « ua 8 e taught at the elementary level; BASIC 
and PASCAL were taught at the junior high and high school levels. In states 
where computer literacy concepts were developed by state education agencies in 
consultation with local districts, computer literacy was defined operationally 
in three categories: (a) awareness of and orientation to computers, including 
history; (b) functional or practical applications; and (c) advanced 
applications, including programming and software development. In virtually all 

for^tnH nf ry K (a L"" Snd t0 8 lesser « tent Category (b) - were recommended 
^ con, P letion J^ior high school; Category (c) was 
?! ^ u t , ? computer science courses, most frequently as an elective at 
the high school level. In any case, states were recommending, and schools were 
implementing, formal or informal courses referred to as "computer literacy". 

Beginning m late 1983 and early 1984, the concept of computer literacy 
underwent a significant change, especially in those states where no previous 
policy had been finalized. The rapid availability of commercial tool 

f P ? fl Cat ; on pa ^ ageS {e ; B " Spread sh « ts . «°rd Processing, and similar 
packages) and the prevalence of microcomputers in regular classrooms (as 
opposed to computer laboratories) increasingly provided opportunities for 
creative teachers to integrate these tool applications into existing courses in 
math, science, reading, writing, etc. This phenomenon was observed at both 
elementary and secondary levels. Only in those states (e.g., Tennessee, Rhode 
island) with formal policies — such as credits for graduation and formally 
accredited computer literacy courses -- has the concept of formal, 
laboratory-type computer literacy courses grown relative to integrated computer 



use 




EXHIBIT IV-1 



PERCENT OF SCHOOLS COVERING EACH 
TOPIC IN A COMPUTER LITERACY COURSE 



I2EI£ PERCENT 

COMPUTER OPERATION 53 

PROGRAMMING IN BASIC LANGUAGE 53 

PROGRAMMING IN OTHER LANGUAGES 8 

HARDWARE AND SOFTWARE CONCEPTS 41 

DATA PROCESSING TECHNIQUES 19 

HISTORY OF COMPUTERS V\ 

PRACTICAL COMPUTER USES 43 

ROLE & IMPACT OF COMPUTERS IN SOCIETY 35 

COMPUTER CAREERS 35 

OTHER TOPICS 8 



2. AT PRESENT 



X " , 19 ? 3, an BtteB P t was aade to define computer literacy and to develoo 
tlTA *? inClUded in a n,ti0nal »«e3S»ent.l03 T „ y e Be mbeVoTthe 

M ?" not arrive at consensus on a definition of computer literacy 
£1 IT d ", dCVelOP itC " 90018 for national or state survey!' 

^at H^n^wn i liUraCy WhiCh thCy ^eloped highlight the belief 

5 til. J v f r J ^Person to person, from Job to Job, and from time 

tLX IV„ w 15 J"" 11 ""** therefore, that today or in the immediate future 

n n n k V " n ir f}r !*i d « fini «°" ^ computer literacy. Operationally, the 
ITirEuu "I be defined by the policies, standards, objectives, and guidelines 
of individual states and school districts. 6 

Schools however, are being encouraged to standardize computer literacy. 

^^ V Jt enC ! , t I? e fir f nat *<>™"« assessment of computer competency for 
students scheduled for Spring 1986. The computer competencies of some 39,000 
students ages 9, 13. and 17 in 30 states will be measured. The addition of 
computing to the list of subjects periodically assessed by the National 
Assessment of Educational Progress (NAEP) - which includes science, 
mathematics, social studies, music, and art — represents a "coming of age- for 
computing said Marc Tucker, head of the assessment committee.^ What remains 
to be aetermined is the quality of planning upon which these local policy 
decisions are based. Establishment of specific computer literacy standards, 
however, assumes that computer-related technology is static. Policy makers 
need to acc-pt the changing nature of the technology and to develop practices 
consistent with aoaptation to change. 

3. ON THE HORIZON 

In the next four to five years, a number of factors and events will 
continue to affect the nature of computer literacy course offerings at the 
local level and the type of computer skills which students will acquire 
formally in the public schools. 

Some technology experts believe that, by the end of the decade, the notion 
of computer literacy will largely disappear as educators and 'olicy makers 
recognize that the computer is only one tool for survival and productivity in 
the information age. "Technology litera, y" will emerge as the convergence of 
telecommunications and microcomputers blurs traditional lines of demarcation. 
In many states west of the Mississippi, where telecommunications is an 
important education policy issue and systems are generally in place, this is 
already occurring. 

Tool applications software will continue to be integrated into regular 
subject matter offerings. The high rate of acquisition and use of tool 
applications in the public schools will continue at all levels for the 
foreseeable future. Moreover, during 1985, some publishers will announce 
instructional courseware packages which can be used by teachers and students to 
tap into commercially available data bases (e.g., UPI, Dow-Jones) which have 
heretofore had little use in education. The availability of these packages, 
along with low-cost disc storage at the school building level, will increase 
opportunities for data base use while reducing costly telephone connect-time 
charges. 
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fpPUc^rons 1 ^^^^. ° n ° f tODl • nd """ruction* 

of cotp't'rs 0 ^'. Ti" 1 ."? r*,T e 0f t«hnology and the changing applications 
01 oompuvers. some experts believe the creation of a national definition or 

""her thl ! il'l/T T Ur Uter,Cy 18 neither necesssry nor desirable! 
further, the inclusion of computer literacy domains snd items in national 

scnoo'l df^V". 18 ! re i Ikely to be "unterproductiv. ana could encode 
It I t V 8h obsol,t « oonoepts. The eduction community has 

iH.ttL * at « OB « ""O"!'"^ »nd skills pertaining to computers should be 
s3£Tl.* *IL A! ?*" denta - T>>e importsnt question must be asked: Are the 
tt« ^ "*r ,0 » requirements grounded in the needs of students ss 
they leave secondary education? 

B - COMPUTERS AND POST-SECONDARY EDUCATION 

fnrp-^rL" ???/ hlgh sch ° o1 * rfl duates go on to college as enter the work 
[n st i tut i„n BiU ^7\ Afferent types of post-secondary educational 

ionLll.ViT. ♦ ' in ! hC Unlted States! vocationally-oriented, 
t 8 , e „ P ,° S /" Secondary schools J (2) community (usually two-year) 
f"? (3) ^° ur -y" r colle 8« and universities.^ Training issues in 
™n^j!5 h f i" ;!! C ° n , d,ry institutions are addressed in another report 
sponsored by the NCEP and entitled "Training for Work in the Computer Age" 
(National Institute for Work and Learning, 1985) and are not within the purview 

!L^, S < ?«\ J? aV ° ld duplication of efforts, this discussion focuses on the 
academic institutions. 

1. COMPUTER ARRANGEMENTS ON CAMPUS 

hann/o/I? 3 ^: 8 f e " d °5* n diversities are actively placing computers in the 

ins?itutifnf ff 5 hUndr6d ! ^ * re ex P lcrin * possibilities/ Some active 

institutions are incorporating personal computers as part of tuition. In some 

St instances, equipment has been dorated to the university by equipment 
with 0 ^ h" ° th r inStances ' diversities have worked out discount arrangements 
nur^.!!! T° r f r0 , UP P urchas «. in still other cases, universities have 

purchased computer hardware for specific course offerings. These donations and 
discounts are particularly prevalent from vendors with small shares of the 
higher education computer market. In some instances, large university-wide 
contracts with vendors provide opportunities for individual professors and 
students to purchase microcomputers for personal use. 

Other factors have also influenced the computer policies of post-secondary 
institutions. Colleges and universities have purchased microcomputers largely 
because the older time-sharing (mainframe and minicomputer) systems lack 
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sufficient storage capacity, are expensive to upgrade and maintain, and are 
often not readily accessible. Moreover, because high school seniors are 
increasingly being prepared to use computers, they are demanding more ready 
access to computers in college. Survey results from the American Council on 
Education reveal that more than one-half of the freshmen who entered state 
universities in 1983 had written at least one computer program, and about 
one-third had taken at least one computer-assisted high school course. 10 " 

Many colleges have plans to create networks of microcomputers on their 
campuses in order to increase the computing power available to students and to 
increase communication among students and faculty. 10 ? Networks are systems 
whereby the personal computers are linked together on a local basis. Networks 
can deliver electronic mail, display student bulletin boards, supply 
information services and electronic library catalogues, and provide 
communication among users. Administrators, students, and faculty are beginning 
to view the computer less as a computing machine and more as a tool to be used 
for broader applications. This is evidenced by the recent surge of university 
departments — other than engineering and computer science — requiring 
students to use personal computers for such functions as word processing in 
English departments and spread sheets- in business departments. For example, 
Colorado State University began a project in 1981 in which students in English 
classes used the Bell Laboratory Writers Workbench series, a powerful word 
processing program. The Writers Workbench series was the first extensive 
collection of computer programs for textual analysis. Originally designed for 
professional writers at Bell' Labs, the program was adapted by Colorado State 
for use by college students. 1Q 8 The success of the project has caused other 
universities to use Writers Workbench in their English departments. 

2. CAMPUSES INVOLVED IN PERSONAL COMPUTING 

Although a relatively small number of colleges to date have formally 
implemented computer use, there is evidence that more institutions will follow 
suit. Larger private institutions, with their greater financial resources and 
administrative flexibility, have led the campus microcomputer movement. 
Exhibit IV-2 depicts the 15 colleges considered to be early adopters of 
widespread computing on campus. 1°9* H-0 

Shown in Exhibit IV-2 are some of the differences that exist among schools 
with regard to implementation methods and major uses of computers. Only six of 
the institutions actually require freshmen to have personal computers; others 
have stationed clusters of computers or work stations around the campus for use 
by any student. Still other institutions have purchased large numbers of 
microcomputers for sale to students at discounted prices to encourage computer 
use. Hardware selection also varies. Most colleges surveyed have selected a 
single system. Others have made the decision to enter into agreements with 
various vendors based on the assumption that no single make of microcomputer 
could meet the needs of all students and staff. 

Although a detailed list of all the uses of personal computers is not 
incorporated into the matrix {Exhibit IV-2), certain uses are coming to the 
forefront. Almost all schools are networking local microcomputers together 
and/or to eristing mainframe systems. Increased communication among faculty 
and students is given high priority in these colleges. The number of schools 
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EXHIBIT IV- C 



INSTITUTIONS OF HIGHER EDUCATION 
AND PLANNED USES OF PERSONAL COMPUTERS 
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MAJOR USES 




INSTITUTIONS 


Require Personal 
Computer for 
Students * 


Work Stations 


Single System 
(Hardware) 


1 - 

Multisystem 
(Hardware) 


Networking j 


Software Develop- 
ment by Faculty 


Integration into 
Curricula 


Research 


1. 


Massachusetts Institute of 
Technology (Camhridge, MA) 




X 


X 




1 X 


X 


X 


X 
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Carnegie-Mellon University 
(Pittsburgh, PA) 


X 




X 




1 X 




X 
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Clarkson University 
(Potsdam, NY) 


X 




X 




1 X 


X 


X 
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Stevens Institute of Tech- 
nology (Hoboken, NJ) 
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1 X 


*« 

X 
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Rochester Institute of • 
Technology (Rochester, NY) 
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Rennsselaer Polytechnic 
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( Cleveland, OH) 
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(Portland, OR) 
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Dallas Baptist College 
(Dallas, TX) 
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Drew College of Liberal 
Arts (Madison, NJ) 
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integrating computer use across curriculum areas make apparent the shift from 
specific engineering and computing uses to broader applications. A recent 
national survey of colleges and universities found 66 percent of representative 
faculty members indicated that either they or someone else in their department 
used computers in conjunction with a course being taught (including both 
instructional and administrative uses). Another 20 percent indicated future 
plans to use computers. When further broken down by departments, academic 
computer use was prevalent with 91 percent of business departments; followed by 
88 percent of math and computer science departments; 83 percent technical and 
agricultural departments; and 81 percent of science departments. Education 
departments outpaced the other less technical disciplines with 75 percent 
reporting current computer use; followed by 63 percent of social science 
departments; 43 percent of health-related departments; and 42 percent of 
humanities departments. 111 Other colleges and universities are also 
encouraging computer nse; among these are; the University of Maryland, 
Colorado State University; University of Illinois, Milwaukee Area Technical 
College, New Jersey Institute of Technology; and Virginia Polytechnic Institute 
... and the list is expected to grow. 112 * 113 

Information regarding the impact of computers on community colleges is not 
as precise as the picture of four-year colleges and universities, There are 
12,000 community and junior colleges in the United States. In a recent 
national survey, nearly 90 percent of the institutions surveyed report using 
computers in instruction. While computer uses vary (e.g., automated job banks, 
satellite communication, software-sharing consortia, Interactive videodiscs), 
precise implementation methods have not been studied. There is, however, no 
question that computers have arrived at two-year colleges. Research concerning 
instruct* onal applications is so scant in this area that the only discernable 
pattern is that larger community colleges use msJnframe systems, while smaller 
institutions have stand-alone microcomputers. 11 ^* -1-15 

3. SKILL REQUIREMENTS FOR COLLEGE COMPUTING 

It is difficult to assess the number of college departments that now 
require computer-related skills for entrance. One survey of 50 colleges found 
few absolute requirements. Members from six academic departments (i.e., 
computer science, mathematics, engineering, business, science, and liberal 
arts) at each college were surveyed, with 78 percent of the 50 schools 
responding. Findings from the survey indicate that computer-related entrance 
requirements do exist for some departments within colleges; however, overall 
admission requirements are far less likely to occur. The skill most needed was 
typing (29 percent required; 67 percent nice to have), and specific backgrounds 
in BASIC (nine percent, 67 percent), PASCAL (seven percent, 63 percent), or 
FORTRAN (eight percent, 64 percent) was most desired. 1 ^ 

More than one-half of the institutions which responded indicated that 
neither a knowledge of the history of computers and their social implications, 
nor an ability to write programs was required. Feedback from additional 
comments on the survey revealed that th* respondents felt incoming college 
students should have improved backgrounds in reading, writing, and mathematics 
skills. 




eompuU r ™Z2L£ X t n ° t i r° Vld0 CVidence t0 s '** est » n derail 
cS ii C h rLJ3 7? f ° r c ^ le « e ■d-ission, it was limited to those 

school ?Het £ier ml^l ' PPli ^° M f ° r ■ d -*»io» ft-- a single high 
the raoiditv «r w >B Moreover * the survey was conducted in 1982: with 

in J£ti£ ft?. * ?K, nge l thlt * r * occurri "« with respect to computer use 
in education, it is possible that the results are already outdated. 

PROJECTIONS 

educ.UorThr to l°i«!; e |J: i,t , i0nal COnCern -b ° ut the < ualit * of P°st-second.ry 
and repre'sent^ sponsored a dozen dialogues involving educators 

comnuterir^Vin \l * business and industry. These groups viewed the 

b! 22 « I * fc ° m """•"Ending of the full range of procedures that may 

P.rt P i P cif.„^ °^»" izin « /n^-tion and solving problems in diverse fields! 
Oration th ?t "V^ th V fUtUrC College -tudents will profit f™ 

br ° ad Chan * ing »PPlie.tion P of computer 

' tU"oLg k y f ; OWled8e ° f h ° W C0B, P uters ^ •«< of common computer 

• some ability to use the computer and appropriate software for: 

- self-instruction; 

- collection and retrieval of information; 

' ^ d J^ eS3ing ,, (i ? Cluding the development of keyboard, composition, 
and editing skills); * 

- modeling, simulations, and decision making; and 

" ?L 0 «il m H S0 V lnB \ b0 , th throu * h th« of existing programs and 

through development of one's own programs; 

• rfI , -^?4 eneSS „° f and how computers may be used in the academic 
disciplines and various fields of work, as well as in daily life; and 

• some understand .Mg of the problems and issues confronting individuals 

4 i societj generally — in the use of computers, including the 
social and economic effects of computers and the ethics involved in 
tneir use* 

The number of computers for student use at institutions of higher 
J" « r f \ ik ^\ 'to increase as rapidly as they .re in elementary and 
secondary spools. However, some experts disagree with the prediction that 
comnut.r iftV '°< P ercer \t °f colleges and universities will make 

IZll ll „ \ " re « uire »* nt ' The requirement that college students be 

it loi k P ^ rS is » n "kely to be reflected in admission policies; rather 
it will be manifest in policies that encourage students to buy or lease 
microcoaputers through group purchasing arrangements with hardware vendors. In 
ITJJI^ C °< ^ ere adral5Sion requirements are typically not as rigorous as 

lour-year institutions, microcomputer use is likely to be encnura^d through 
work stations and communication centers. 
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V. POLICY ISSUES 

This final chapter addresses policy issues and strategies which face 

"l 1 "** P re " nted in P^vious chapters, this discussion is based upon 
several fundamental assumptions.- (a) that the Federal role, in olace sinn* th. 
-"-1960s to ensure that every child has an equal e^uca?Ional op^rtunU^wiU 
continue; Co) that state education agencies will expand their pivotal roLs in 
the area of technology use in education; < c > that the traditional roles of the 
states in relation to local education agencies will continue to dictate the 
relative levels of policy making in the different states; and (d) that 
governments at all levels will continue to rely, where possible, on the private 
sector through market mechanisms. 

* ♦ Th f ^^ Cy discu , 5aion contained in this chapter is organized into five 
tr J^lS?. * s f ues: < a) ff^tive computer use in education; (b) availability 
of software; (c) equity and access to computers; (d) staff development; and (e) 
computer literacy. Each isssue focuses upon topics which are of great interest 
?«.vS° lf y makera in the education and technology communities and which are 
within the power of government, at some level, to influence. 

Each of the policy sections which follow presents: (a) a discussion of 
the issue from appropriate Federal, state, and local perspectives; (b) a 
reiteration of relevant information from prior chapters of the report; and (c) 
the specification of some strategies which could be undertaken, at some 
governmental level, to address the issue. The strategies presented for each 
issue should not be considered mutually exclusive. Rather, they are a set of 
activities which might be undertaken, either alone or in combination with other 
actions, to address the issue. 

A - EFFECTIVE USE OF COMPUTERS IN EDUCATION 

The use of computers in education has increased dramatically over the last 

™n a nnn~K "T* 1 * undred in the mid-1970s to projections of more than 

700 000 by the next school year and nearly three million by the end of the 
decade. This growth can be attributed directly to declining costs of computing 
power, pressures from parents on the schools, and the influence of 
computer-buff staff within the schools. Aggressive advertising on the part of 
hardware and software vendors has added to the momentum. Some experts feel 
that parental pressures and increased advertising will continue to influence 
schools to purchase more computers in the future. 

The use of this equipment for computer-based learning has been proven 
effective, under specific conditions, for both students and teachers. A small 
but growing body of research findings on the effectiveness of computers in 
education is beginning to emerge (see Chapter III). Research generally 
indicates that computer-assisted instruction (CAI) has saved time and improved 
performance with certain student populations (e.g., disadvantaged, special 
education, gifted) when compared to traditional instruction and when the CAI 
programs are implemented concommitantly with effective teaching practices. 
Computer-managed instruction (CMI) programs have demonstrated cost-effective 
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results when used by well-trained teachers. In well- implemented CAI and CHI 
programs, teacher and student attitudes toward subject natter and computers 
have become more positive. The use of the computer as a tool for word 
processing y spread sheet development, etc., which has increased greatly in the 
current school year, will continue to grow for the remainder ci this decade, 
particularly as telecommunications advances (such as education utilities) allow 
students access to data bases for use in a variety of subject areas. Most 
experts agree that students with computer-using skills (not necessarily 
programming) will be more productive than their nontechnological colleagues in 
the information age — now and in the future. 

Host policy-making officials within school districts are interested in 
using computers effectively, either to increase student performance or to save 
time and paper work for staff. Host officials are unaware, however, of current 
research findings on effective computer applications and the conditions under 
which computer use can be expected to be effective. With few exceptions, 
school districts have not formulated plans for computer use nor have they 
invested in the staff development and institutional reform necessary to realize 
the potential benefits which computers offer. 

State-level policy makers are becoming increasingly concerned about the 
effective use of computers — especially in state-funded programs — and are 
establishing mechanisms to avoid duplication of effort and waste. Moreover, 
the emergence of state-wide telecommunication systems will necessarily affect 
the educational use of computers at the local level. 

Federal policy makers have heightened the consciousness of the American 
public and have stressed the pursuit of excellence in education. This thrust 
has been felt in state capitals, as well as at the community and school board 
levels. To the extent state and local policy makers have relied upon emerging 
electronic technology as a means of achieving excellence, and as schools have 
used funds under Federal block grant (e.g., Education Consolidation and 
Improvement Act Chapter II) and categorical programs (e.g., P.L. 
Education Consolidation and Improvement Act Chapter I) to pi/rchase hardware and 
software, both the Congress and the executive branch have a vested interest in 
the effective use of computers in the schools. The U. S. Department of 
Education (ED) has sponsored several surveys of computer use In schools, 
although the findings have often been limited and are frequently out of date 
because of the lengthy reporting process and the ever-chawging uses of 
technology in the schools. ED has also, on a periodic basis, funded projects 
to provide information and technical assistance to state policy makers. 
Through its Special Education Programs division, the Department has also 
sponsored the development and/or adaptation of hardware and software for use in 
special education and has funded the creation of centers to provide information 
on courseware appropriate for special education populations and to assist 
software developers. Through its Center for Libraries and Education 
Improvement, ED has also sponsored the development of a nunber of comprehensive 
technology-based learning systems. Moreover, the National Science Foundation 
recently funded several software development projects which are designed to 
result in computer-based simulation in school science programs. Aside from a 
few small case studies which explore the effects and effectiveness of specific 
computer applications for special education populations, the Department of 
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Education has not funded any major research or evaluation effort which 
«1dresses the effectiveness of the use of computers in education since 3976. 
Federal policy makers interested in encouraging the effective use of computers 
in education have at their disposal no comprehensive information base. To 
formulate policy, they will necessarily rely heavily upon limited information 
and t,,.e testimony of individuals who represent vested interests. 

Below we discuss several policy options for addressing the issue of 
effective vse of computers in education, with a particular focus upon Federal 
and state riles. 

STRATEGY: DISSEMINATE INFORMATION ON EFFECTIVE USE 

The perceived need, at the school district level, for information on 
effective use of computers in education exists now and will grow rapidly for at 
least the next three years. Information needs fall into two categories; (a) 
empirical findings on the effects and effectiveness of computer use; and (b) 
information on best practices. 

The U. S. Department of Education (ED) is presently spending several 
million dollars on studies and projects indirectly related to these research 
and evaluation issues. Assuming this issue is given high priority, one ED 
office could b<? given responsibility for designing and coordinating these 
Initiatives with authority to expend appropriate funds, to ensure adequate 
access to research findings and data bases, and to disseminate information to 
users. For the most part, existing funds could be used to support such 
initiatives. This high-priority program of dissemination initiatives would not 
only provide the critical mass needed to address adequately the research 
issues, but would also minimize duplication of effort. Research and evaluation 
findings could be disseminated to state education agencies, the majority of 
which have offices presently in place tc forward such information about 
technology use to local school districts. State education agencies are better 
equipped and staffed to disseminate research findings than to sponsor and/or 
conduct research on the effective use of computers in education. 

STRATEGY: TARGET COMPUTER USE ON SPECIFIC POPULATIONS 

A second option for Federal and state policy makers is to encourage the 
use of computer education with target populations, most of which receive 
Federal and/or state categorical or programmatic funding. These populations 
include special education, bilingual/Limited English Proficient (LEP), and 
disadvantaged students (Chapter I). Appropriate initiatives include: (a) 
collection and dissemination of research findings; (b) identification, 
documentation, and dissemination of best practices; and (c) modification of 
rules and regulations to encourage the use of computers with special needs 
populations. 

To some extent, ED (through its Office of Special Education Programs) is 
encouraging targeted use in special education and has a limited number of 
studies underway which address the effects and effectiveness of computers used 
with specific exceptionalities. Few efforts have been undertaken at the 
Federal or state levels with respect to bilingual/LEP students. A small number 
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of initiatives for disadvantaged students or compensatory education programs 
have been undertaken by a few states. These suggested, targeted initiatives 
will help to ensure equal access to technology for all students and will direct 
funding at student populations for which computer-based education has 
demonstrated some success. 

This approach of targeting state and Federal action toward specific types 
of student populations carries some obvious, and some more subtle, 
shortcomings: 

1. Funding would be difficult to obtain under existing appropriations and 
regulations. With the exception of special education, little funding is 
available at the Federal or state levels to support in-depth studies and 
evaluations of effective use or computers in specific programs and, where 
monies might be available at the state level, regulations do not permit 
funds for such purposes (e.g., administrative set-asides). Moreover, if 
funds were made available through other sources (e.g., Secretary's 
discretionary fund, individual state legislative appropriations), policy 
makers would be unable to coordinate initiatives effectively and the 
overall effort would tend to be fragmented and probably dysfunctional. 

2. Staff and organizational authority for technology use would be 
difficult to obtain. At the Federal level, offices responsible for 
technology use are usually small, understaffed, underfunded, and without 
direct access to high-level officials. Moreover, they have evolved in 
various Federal offices without a coordinated plan. At the state level, 
the technology authority is seldom located in one of the categorical 
programs serving special needs populations. Few states have established 
technology policy task forces for state-wide planning that involve 
officials from special education, bilingual education, vocational 
education, and compensatory education branches. In states where 
technology coordinators exist within the various special needs programs, 
seldom do they have the authority and discretionary funds to implement 
appropriate research, development, and evaluation initiatives. 

3. A review of rules and regulations affecting special needs programs 
must be conducted at both the Federal and state levels to ensure that 
local districts have the opportunity to use their computers in an 
appropriate manner without undue concern about future audit exceptions. 
Clarification of appropriate uses of computers and other technologies in 
special needs programs will not only minimize equity problems, but also 
result in greater utilization of existing hardware and software in schools 
generally. Those responsible for regulatory reviews should take into 
account both existing computer-related configurations ^nd the changes 
envisioned for the future (e.g., local education utilities). 

B. AVAILABILITY OF SOFTWARE 

The quality and quantity of software for use in education remains a 
continuing policy-related issue, although the nature of the issue has changed 
and will continue to change throughout this decade. During the late 1970s, the 
availability of courseware was considered to be the major constraint to the use 
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of computers for instructional purposes .119 Durine th- -^i* icon. * * 
the commercially-available courseware was drill!andV.c\ice uLd r-V Vf 
and enrichment purposes and targeted at the ^i^^^rK.^S 
this period a number of (primarily institutional) education coursed 

market ^s ^iJ*!^?, P - dl ™ ted thelr toward the £. ed™on 

m B 1 Similar » ck »** 9 the two markets. For the most part 

available courseware was not designed for special needs populations Recenttv' 

"CoVi u o b ": rk: t a and d h e a v v e e lo r s b / ve . as , ain ^^iH^tltffi 

instrlAi^ u begUn t0 develop si »ulation, tutorial, and other 

instructional packages which go far beyond simple drill-and-nr.etl*. 

^"sev'eVaTrr t0 Sf^ * dO > ti0 ° ^"ges in Ca^nia ^.nd 

nextware- I ^whiti ^"^^l reccBtl * "nouncd the availability of 
»nrf ! J , J - °° ftware Packages are integrated into basal text series 
and which include instructional management components. The 1 9 «H» school w 

' dra * a "« merew. in the availability of commercial tool app^ations" 
use of such packages is expected to continue growing for the next three years' 
focusing primarily on the integration of data bases into instruction. ' 

did r 8 ! 7 eXpert3 genCraUy agree fchat » duriR S the last five years, not only 
did the range and quantity of software increase but also the qua ity of 

~r Wa arear° V fndeed US Wp ! Bdll « *> tential — *■ a variety object' 
school diltriAa J nd « d . »o»t experts agree that major problems confront!-;: 

inte^ati [ntn ^ selection of « ualit y packages which can be easily 
integrated into curriculum areas. J 

While the quantity and, to a lesser extent, the quality of courseware has 

-rbm1: u ii rr :: po, l 1 i B " / f n * 0 reases have not occurred '» such tl - s k e e w t ar r 

as bilingual education/LEP programs, certain elements of special education 
Programs, and specific disciplines within vocational education. To the extent 

studen^ PU ^ b H7 d edU 1 Cati ° n 15 to these special neell ^uZtllt 

students and that equal education opportunity is a national policy (see the 
issue below) then the availability of computer-based education in these areas 
is an important issue. To address the software constraints to access for 
f need s students, a number of policy options appear to be feasible. The 

d * scusaed below are Presently being considered or (>t least partially) 
implemented in specific areas. H v,id " LAy; 

STRATEGY: SUPPORT SOFTWARE DEVELOPMENT 

rtJ? have bee " called "thin" markets, the development o" appropriate 

educational software has been both sparse and fragmented. The use of Federal 

social h PP *° 4 rt fflaterial5 » ffledia . *"* »o^ware development/adaptation ?n 
Deoartment 0 f at rH° n m" lnStitut « d in the "70s. The Tffice within the 
III £ !? ♦ Education responsible for bilingual education and programs for 
1, Ud8nts has be * un t0 f " nd » "umber of pilot or demonstration projects 
? l CMP i7' 3 PeCent review of these P^Jects, however, indicated that 
IZlil . t °? * BVen 56 vvalua t^ because of their unclear objectives and 
their lack of focus on software development. Similarly, very few software 
development projects have been funded in vocational education at the Federal 
level . 
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Few state education agencies have funded special needs software 
development projects, with the exception of special education administrative 
packages. Only a few large urban districts (e.g., the Houston (Texas) 
Independent School District) have initiated major comprehensive software 
development efforts in such areas as bilingual education. 

While some experts believe that the availablity of courseware for special 
education students will come close to meeting the requirements of special 
education teachers and students, most agree that, without some intervention 
strategy, a software shortfall will continue for other special needs 
populations. In order to meet these software needs, a comprehensive software 
development activity must be mounted for bilingual education/LEP programs. At 
the Federal level, large increases in funding would be necessary to meet the 
needs of the different language populations. Involvement of hardware 
manufacturers may be required to accommodate different type fonts and 
collaboration with foreign language developers may also be beneficial. Even if 
Federal or state funds become available, a considerable amount of planning 
must be undertaken to ensure that feasible mechanisms for contract development 
and follow-up support (e.g., teacher training) are designed. 

In vocational education, it appears that existing overall funding levels 
would allow continued or even expanded software development efforts, if 
technology were given high priority. The recently reauthorized vocational 
education act emphasizes ihe need to improve the quality of vocational 
education programs. Generally speaking, the software development categories 
which appear to be of high priority are those areas in which appropriate 
software — particularly tool applications — are not currently available 
(e.g., health occupations). 

STRATEGY: AGGREGATE MARKETS 

Another approach to the issue of software availability is based primarily 
upon aggregation of markets within special need categories. With or without 
Federal financial assistance, states and urban districts with similar needs in 
bilingual or vocational education would be encouraged to form consortia which 
would specify the types of software products they desire, thereby guaranteeing 
a market large enough to encourage the private sector to invest in necessary 
development. In certain cases, sharing of development costs between the 
consortia and the publishers may be required. Subsequent assistance in 
marketing, distribution, training, and follow-up support may also become a 
joint effort. Federal funds may, in some cases, be required tc cover the costs 
of creating and administering such consortia. 

This option would shift the major funding of development activities from 
the Federal level to the state or local level. It would decentralize the 
development of specifications for software packages to individual states which 
wculd, in turn, receive input from potential users at the district level. Such 
an approach would minimize political allegations regarding the creation of a 
"national curriculum". If planned correctly, this option would ensure close 
collaboration between the developer and the end users in both development and 
distribution, thus enhancing the success. If participating states or 'districts 
have low-cost telecommunications capabilities for electronic distribution of 
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"■'^^J?^;^^^ 11 ^' »~»« «- a -,s to 
C EQUITY AND ACCESS 

qualitative than Quantitative " J , . , , * y ars> becM1In 8 "ore 

states indicate that th. V.iV S , tudl " ""ducted Primarily by individual 
programs iVeaual to or ° f c0 "" uttr » t0 "tudenta in compensatory 

Uou.lT* A . 40 or ' !n 801,16 case ». higher than in education eenerallv 

drlll-Vnd Braefl'o. STTV ■ Vaila " e f ° r th " e P»P»l-ti«T 1 usually 
so P n isucate B ™V.™"°f. ? 'Hi.S'W*" 1 *'* dl """t from the more 
hfjher-order skills ZJ, 1 L "V slnulation . tutorial) used to improve 
problem for LEP student, "^kV, ," £r ", that ade < uate "«« will remain a 
appropriate courseware 4r«v blll "« ual Programs because of the lack of 
will not have ^ k.'., ^ ' "I" seoondar y »>ny LEP students 

nteracfcourses. ' C SklUs requlred by "W " ien « a "° 'omputer 

1980s The mfle de s r tu < d q . U „^ C^S 5" Chang8d In recent " ears - «» early 

Zl* ! tjdents had h *Iher proportional enrollments in secondary and 

post-secondary computer-based education and computer literacy oro/ra^s 
Recently however, limited studies have found Increased propVrtions ot VeZVe 

"nndVnce" ±T C ° Ur " 5 - *™«.r. f0r thoae f ™ al « enroHed, attitude and 
report hv th. p^? : STt " 0t statl5 "= a lly different from males. A recent 
o t t Lnt t »» Equal Education Rights (PEER) ( on the other hand, 
p-ogram wa 'It Will* f f f enales ln a <=hool computer-based education 

Shere r.».l. V ^ Proportionately lower than that of males. In Instances 
rower-paying 8 jo b r ; lnCreaSed ' the * — ""en in preparation courses for 

STRATEGY: ASSESS THE PROBLEM 

issue 0 ^^?^?!^ 11011 ." 8 rep ° rtS 8nd atud y Endings on the equity/access 
^DuLtiL . p„ 1* n f UPe ° f the pr ° bleffl ' P ar "cularly with special needs 
dTermin the "^sive national st.dy addressing the issue would serve to 

determine the exigence and severity of the problem. Specifically such a 

should be°u U a -d r teDPt t0 .K SnSWer ^ f ° ll0Wing ^^ions: % a ) ^a/^asures 
to rfh a .Al t ° " 3e " K the nat " re and extent of the equity/access issue?; (b) 
PopulaUons^ • L (J 1 \ Pr ° bl f e%Ut 8«nerall y and among special needs 
^e s?ate ?„h TJ 1 i Practices and models appear to be working best at 
This studv \J T 1 V6lS t0 C ° rreCt inbalanc « ^ access and promote equity? 
data h^. y 5' 3 Se P arate comprehensive study or part of a large-scale 

of sue V" tT P h ^ ^ SCh ° 0lS reco ^ d «* earlier. Although the costs 
nndinss u 3 au " I 8 ? , thC ■■* l Btw " l0 « of a data base would be minimal, the 
findings would contribute considerably to a rational debate on the issue within 
tne Congress and among Federal and state policy makers 
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STRATEGY i DEVELOP TARGETED INITIATIVES 

opoorJLtitrjL 'J!? S ^ te . P ° liCy contin « *° Provide for equal education 
ES" LuiH^. Stud « nt8 ' a «•* of initiatives targeted at special needs 
populations should be considered. Some of the initiatives to be included are: 

ahnml^r* 1 ! nd f tate re 8 ulations ■ssociated with categorical programs 
comni^? revlewed where necessary, modified to encourage the use of 

computers in programs receiving state and Federal funding. 

2. Funds should be targeted to reduce or remove existing barriers: 

• In bilingual/LEP programs, the major bottlenecks appear to be the 
lack of appropriate courseware, the high cost of distribution, and 
the lack of trained staff. 

• For handicapped programs, the major barrier is the high cost of 
production and distribution, maintenance, and servicing of 
sophisticated communication and augmentative devices for severely 
handicapped students. 7 

• For female students, a major barrier is stereotyping, which may 
require major leadership initiatives at the state and local levels 
to ameliorate tradition and entrenched perceptions on the part of 
school staff and the community at large. 

The equity/access issue is evolutionary; some believe it is in a 
transition phase today and may, over time, resolve itself. Paradoxically, 
during the late 1960s computers were looked upon as a means to provide quality 
education opportunities for all students. Now, because of the availability of 
computers in wealthy schools and in homes of middle- and upper-income families, 
the limited availability of technology has become an issue itself. 

D » STAFF DEVELOPMENT AND PLANNING 

All experts who participated in this project agree that teacher training 
on effective techniques for using computers and related technology in the 
classroom will be critical to its long-term success in improving student 
performance. A second important factor is systematic planning whinh has 
occurred in only about one-quarter of the school districts which have 
implemented technology. In far too many instances, school districts have 
initially purchased microcomputers and used them in experimental modes. Only 
after the number of computers reaches a "critical mass" and problems surface do 
school policy makers realize the crucial need for staff training and systematic 
planning . 

Most experts agree that staff development should be skill-based, 
addressing some of the key problems in the use of software (e.g., integration 
of courseware into curriculum). In-service programs, conducted by experienced 
computer-using school staff, should be relied upon more heavily than programs 
conducted by teacher training institutions. While program accreditation and 
teacher certification may be appropriate long-range policy instruments, most 
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, , ? thC P roce5S of, creating such instruments will be lengthy 

m ^ f . " cce " ar * flexibility, thus constraining the effective use of 
technology in the classroom. As industry progressively assumes a leadership 
< n ^ < techno i°Sy- based education and training, local firms using technology 
in their own training programs can assist school districts in their teacher- 
training. 

™.nlK4*n! ,td /° r systeDatic technology planning generally exceeds the 
availability and commitment of resources to conduct such planning. Virtually 
all state departments of education and many local districts have developed 
planning guides, manuals, etc. which could be used by schools in planning for 

eZ P resVthVn fZL'YV ** Mtt * ^ bMleS " nd thr «tened organizational 
empires within districts often hamper serious planning. For school districts 

to implement effective planning, clearly delineated responsibilities must be 
defined and, in most instances, new organizational structures must be formed. 

STRATEGY: EXPAND EXISTING INITIATIVES 

Existing initiatives at the Federal and state levels must be strengthened 
and expanded. Administered by the U. S. Department of Education, the Emergency 
Education Security Act of 1981 is presently allocating approximately $100 
million to states, institutions of higher education, and local districts to 
improve instruction in math and science. Several provisions of this law 
require that recipients use initial monies to train staff in math and science 
education including the use of technology, before other formula funds can be 
used for hardware, software, and related materials. States are required to 
conduct needs assessments and, if existing teacher training needs are already 
met, to justify expenditures for other purposes. The National Science 
Foundation has received increased funding over the last two years to improve 
trie quality of math and science instruction and to foster the development of 
related technology-based materials. Both of these programs should encourage 
local in-service training which focuses on computer-based instruction in 
operational settings. Federal offices responsible for consolidated and 
categorical programs should also encourage state and district officials to 
allocate larger portions of their funding toward systematic planning and staff 
development activities related to technology use. 

Several states have undertaken initiatives focusing upon planning and 
training programs. Minnesota, for example, requires districts to submit plans 
for technology use, including staff development components, before they qualify 
for state software purchase subsidies. As of September 1983, Utah has mandated 
that all new teachers employed in the State be computer literate. Tennessee 
«!- a trainin S-°f-trainers approach to implement their "Computer 
bkiiis Next" program state-wide over the next two years. Such exemplary 
planning and training practices should be disseminated to other states 
[ including governor's offices and legislatures). 

The private sector, including some nardware and software vendors, has 
supported technology training programs for state and local education staff- 
For example, the IBM Corporation is supporting national teacher training 
institutes which plans to implement 90 centers in states across the country. 
Tandy Corporation provides computer literacy training for teachers in their 
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Radio Shack computer centers. A number of local employers in cities across the 

pr ri ding . *" Cher trainin * «nd planning assistance to school 
districts through educat in industry partnership prorams. 

STRATEGY: DEVELOP EXTENSIVE TRAINING PROGRAM 

Most experts agree that <f the new generation of microcomputer-based 
hi° n i S ♦V^^W ful1 P° tc ntial, then a massive training initiative 

must be undertaken involving all levels of government and t^ r-tvate sector. 

Among the topics to be covered in such training ares 

• The introduction of expert systems into education decision making will 
change fundamental staff roles, creating new positions requiring 
in-depth and new types of training. 

• Computer-managed instruction, if implemented successfully, will require 
comprehensive training in principles of individualized instruction. 

• The emergence of local education utilities offering a wide array of 
software and data base offerings will require the implementation of 
sophisticated training activities if these systems* potential benefits 
are to be realized. 

Before the end of this decade, approximately <10 percent of the country's 
existing teacher cadre will reach retirement age. It is not clear that new 
financial and other incentives will be enough to attract and retain good math 
and science teachers in public schools. Only a massive training effort, 
involving the three levels of government and the private sector, which rallies 
the human, financial, and other resources available to public education, will 
begin to solve the problem. 

E. COMPUTER LITERACY 

Computer literacy is a rapidly changing concept defined differently by 
different people and interest groups. Originally conceived a decade ago as a 
catch-all term to include a general knowledge of the technology, ccaputer 
literacy has, in recent years, become the focus of more specific and varied 
definitions. To this point, attempts to develop a uniform definition of 
computer literacy have been unsuccessful. 

Most experts believe that the concept of computer literacy will change as 
education policy makers view the computer as one of several technology tools 
for the emerging information age. Some experts also believe that it would be 
detrimental to establish, directly or indirectly, a national definition — or 
even national standards — for computer literacy. Experts are also extremely 
concerned about recent attempts to include specific computer literacy items and 
domains on national standardized tests or other assessment tests which allow 
comparisons among states and among local districts within states. In the long 
run, national computer literacy standards and standardized testing would, 
experts argue, result in the propagation of obsolete standards as the nature of 
technology changes rapidly and new applications emerge. Given the grassroots 
nature of the computer-based education movement and the state and local 
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initiatives already underway, many experts consider that such national attempts 
to establish standards would stifle creativity and encourage teaching of 
obsolete concepts. 

STRATEGY: FOSTER ENLIGHTENED DEBATE 

Although aiost experts believe a generally laissez-faire approach to 
computer literacy is dictated, it would be foolish to ignore the valuable 
contributions to technology awareness that can be made by the various parties 
to the computer literacy question. The only true option available to policy 
makers is the fostering of a comprehensive and enlightened debate on the 
various issues surrounding the computer literacy concept. The two critical 
policy questions to be addressed in this debate are; 

1. Should attempts be made at the Federal level to establish standards 
for computer literacy, or should technology standards evolve over time 
through the assimilation of definitions, proficiencies, and skills 
identified by states and local school districts? 

2. Is it desirable to have students tested for computer literacy on 
national standardized tests or should students be tested on 
performance-based skills developed by local or state education agencies? 
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APPENDIX A 



PROJECT METHODOLOGY 



The study's design ct Lied for the gathering of research on three specific 
topics: 

1 « The Use of Computers in Schools : What is the basis for the growing 
use of computers in the education of young people, from preschool through 
grade 12? To what extent are computers currently in schools and to what 
extent are they likely to be in schools by 1990? What uses are, and will 
be, made of computers? What factors encourage or discourage the diffusion 
of computers in schools? How have different schools and school districts 
acquired the equipment and how are they likely to have acquired it by 1990 
and 1995? Are there reallocations within budgets in order to obtain the 
equipment and software? For each of these questions, are there 
differences among schools and school districts across regions; states, 
urban, suburban, and rural locations; and areas with different levels of 
resources available for education?. 

2 - Performance and Attitudinal Effects of Computers ; What are the 
effects of computers on students' attitudes toward school and on their 
performance in subject areas in which computers are used? Are there 
reallocations of students* time among subjects? Are there differences in 
attitudes or perfomance among students by other demographic or educational 
characteristics? What are the effects of computers on the attitudes of 
teachers and other school staff? 

3* Computer Effects on Student Employment and Post-Secondary Ed uca tion : 
What are the alternative ways in which the term "computer literacy* is 
being used in the context of computers in education? Do employers, or a^e 
employers likely to, view "computer literacy" as a credentialling device 
for certain occupations or for employment generally? Do post-secondary 
institutions, or are post-secondary institutions likely to, view "computer 
literacy" as an entrance requirement for education or training programs? 
Does, or will, increasing the amount of computer time per student in 
grades K-12 reduce the amount of training time these students need to 
erter occupations that use computers or computer-based equipment? 

Each of these three principal subjects was dealt with in a project working 
paper describing research findings in the area and projecting relevant trends 
for the future. These three working papers form the basis for Chapters II, 
III, and IV of this report. 

Drawing upon the conclusions formed on these three topics, a fourth 
working paper was prepared developing a series of major policy issues which 
will have to be addressed if computers are to achieve their potential for 
improving American education. Within each policy issue were enumerated some 
policy options which might be entertained at Federal, state, and local levels 
and by the private sector. This working paper is the basis for Chapter V of 
thia report. 
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